Vol. 68, No. 4 


Psychological Review 


Ricwarp L. So_omon, Editor 
University of Pennsylvania 





CONTENTS 


ARTICLES 


Ten Years of Massed Practice on Distributed Practice 
Benton J. UNDERWooD 


Verbal Mediating Responses and Concept Formation 
Apert E, Goss 


Costs and Payoffs Are Instructions 


THEORETICAL NOTES 


Comment : The Distinctiveness of Stimuli 
Epwarp A. FEIGENBAUM AND Hersert A. SIMON 


A Biochemical Approach to Learning and Memory Joun Garrto 





PUBLISHED BIMONTHLY BY THE 


AMERICAN PSYCHOLOGICAL ASSOCIATION, INC. 





E. Jams ArcHER 
FRANK AULD, Jr. 
Avpert F. Ax 
Jupson S. Brown 
Rocer W. Brown 

F. Rosert Brusu 
Rosert R. Busx 
RayMonp B. CattTett 
Russet, M. Cuurcu 
Cuarzes N. Corer 
Kart M. DaLLENnBACH 
Cart P. Duncan 
Marre DuNcCAN 
Cuarites W. Ertksen 
Wiu1am K. Estes 
James J. Gipson 


(A large group of psychologists has kind! 
manuscripts submitted to the Psychological 


Editorial Consultants 


Kennetn P. Goopricn 
Avsert E. Goss 

Bert F. Green, Jr. 
Winerep F. Hitt 
Francis W. Irwin 
Leon J. Kawin 
Howarp H, KENDLER 
WitiiaAM KessENn 


KENNETH MacCorQuopaLe 


Quinn McNemar 
Rosert B. MaLtmo 
Donato R. Meyer 
FREDERICK MOSTELLER 
Bennet B. Jurpock 
Ricnarp K. Overton 
GeraLp R. Pascar 


y sores 


J. Trevor Perrce 
Apert PEprIrone 

Leo J. Postman 
Grecory RAzRan 
Irvin Rock 

Mark RoseNnzwEIc 
STANLEY SCHACHTER 
Epear H. ScHern 
Murray SIMAN 
Smwney SIEGEL 
Arruur W. Staats 
Josern C, Stevens 
Benton J. UnpERwoop 
Wiiuram S. VERPLANCK 


assist in the editing of 
In each issue the Editor 


will list in the Review those editorial consultants who have helped him process 
manuscripts for that issue, so that their efforts may be gratefully acknowledged. ) 





The Psychological Review is devoted to articles of theoretical significance to 
any area of scientific endeavor in psychology. t for occasional articles 
solicited by the Editor, manuscripts exceeding 7,500 words will not be accepted. 
Ordinarily manuscripts which consist primarily of original reports of research 
should be submitted to other journals. Eowster. reports of original research may 
be included in a major theoretical article which attempts to integrate several related 
original studies. 


Because of the large number of manuscripts submitted, there is an inevitable 
publication lag of several months. Authors may avoid this delay if they are 
prepared to pay the costs of publishing their own articles; the appearance of arti- 
cles by other contributors is not thereby delayed. 


Tables, footnotes, and references should appear on separate pages; all of these, 
as well as the text, should be typed double-spaced throughout, in all manuscripts 
submitted. 


All manuscripts must be submitted in duplicate. 


Original figures are prepared for publication; duplicate figures may be photo- 
graphic or pencil-drawn copies. Authors should retain a copy of the manuscript, 
in case there is loss in the mail. Manuscripts should be addresszd to the Editor, 
Richard L. Solomon, Psychology Department, College Hall, University of Penn- 
sylvania, Philadelphia 4, Pennsylvania. 


Heren Ona 
Promotion Manager 


Agtuur C, Horrman 
Managing Editor 


PustisHep BIMONTHLY BY THE 


AMERICAN PSYCHOLOGICAL ASSOCIATION, INC. 
Prince and Lemon Streets, Lancaster, Pa. 
1333 Sixteenth St. N.W., Washington 6, D. C. 


$10.00 volume $2.00 issue 


Second-class postage paid at Lancaster, Pa. 


Send all communications, including changes, to 1333 Sixteenth St. N.W., Washington 6, D. C 
Address changes must arrive by the Oth at of the month to take effect the following month. Undelivered 
copies resulting from address changes will not be replaced; subscribers should notify the post office that 
oe will guarantee second-class forwarding postage. Other claims for undelivered copies must be made 
within four months of publication. 


© 1961 by the American Psychological Association, Inc. 





VoL. 68, No. 4 


JuLy 1961 


PSYCHOLOGICAL REVIEW 





TEN YEARS OF MASSED PRACTICE ON 
DISTRIBUTED PRACTICE’ 


BENTON J. UNDERWOOD 


Northwestern University 


For the past 10 years a series of 
studies dealing with the influence of 
distributed practice on verbal learning 
has been carried out in the Northwest- 
ern University laboratories. The pur- 
pose of the present paper is twofold: 
to present the critical variables which 
have emerged from this series of stud- 
ies, and to suggest certain conceptual 
notions which at the present time seem 
useful in trying to understand the ef- 
fects of distributed practice and re- 
lated phenomena. 

The primary empirical goal at the 
time this series of studies was initiated 
was a straightforward one, namely, 
to determine the range of conditions 
and materials within which distributed 
practice facilitated learning or reten- 

1 The substance of this paper constituted 
the Presidential Address given before Di- 
vision 3, American Psychological Associa- 
tion, Chicago, 1960. 

Most of the work reported here was sup- 
ported by Contracts N7onr-45008 and Nonr- 
1228(15) between Northwestern University 
and the Office of Naval Research. Over the 
10 years of this work five extraordinarily 
capable research associates have been in- 
volved: Ross L. Morgan, E. James Archer, 
Jack Richardson, Rudolph W. Schulz, and 
Geoffrey Keppel. The author is deeply in- 
debted to them all. For certain analyses and 
data first presented here, the aid of Schulz 
and Keppel has been invaluable, and the 
manuscript has benefited by their critical 
readings. 


tion. The fact that 10 years have 
passed since this goal was established 
indicates that it has proven to be an 
elusive objective to attain. Indeed, no 
implication should be drawn from the 
present paper that the goal has now 
been reached; the pursuit continues. 
Therefore, the “critical variables” to 
be presented, while representing a 
considerable experimental distillation 
over the years, may yet change with 
continuing work and new perspectives 

To say that certain variables are 
more critical than others necessarily 
implies some evaluation. For the phe- 
nomenon being dealt with in this paper, 
the evaluation is based on three cri- 
teria. First, and fundamentally, the 
positive effects of distributed practice 
are not found unless a critical variable 
is involved. Second, the effects of 
other variables can be shown to be 
a consequence of the simultaneous 
change in a critical variable. Finally, 
using the particular critical variables 
chosen, conceptual notions are sug- 
gested which in turn lead to further 
testable propositions. 

There should be no misunderstand- 
ing about the conceptual notions to be 
presented in this paper. They are a 
posteriori notions; the sifting of the 
facts of massed versus distributed prac- 
tice led to an assertion about critical 
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variables, and then it was found pos- 
sible to cast these variables into a 
theoretical scheme which had some 
generality. The theory was not origi- 
nated as a deductive one, but neither 
was it ad hoc. Its usefulness, no mat- 
ter how momentary, can be justified 
on the grounds that it makes some 
sense out of a number of phenomena 
and, in addition, yields a number of 
testable propositions. 

Because the theory has emerged 
from the various analyses leading to 
the selection of the critical variables, 
the order of the argument in this paper 
will maintain some historical integrity 
as follows: the nature of the data 
leading to the selection of the critical 
variables, the theoretical notions by 
which these critical variables are as- 
serted to produce the phenomena as- 
sociated with the massed-distributed 


problem, and a consideration of other 
phenomena which may be incorporated 


within the system. However, before 
initiating the central arguments, it is 
necessary to dispose of certain pre- 
liminary matters. 

The Basic Operations. The basic 
procedures used in the Northwestern 
studies, procedures which are quite 
comparable to those used by other in- 
vestigators, are as follows. A trial is 
defined as the single presentation of all 
items in a list of verbal units. The 
list may be presented for a constant 
number of trials or until the subject 
achieves some arbitrary level of per- 
formance, such as one perfect recita- 
tion. The central variable is the length 
of the interval between trials. If the 
interval is short, say 2 seconds to 8 
seconds, learning is said to be by 
massed practice (MP). If the inter- 
val is longer—15 seconds or more— 
learning is said to be by distributed 
practice (DP). In actual practice 
the DP interval has not exceeded 3 
minutes. The simple empirical prob- 
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lem is to determine under what con- 
ditions learning under DP differs 
from learning under MP. Several stud- 
ies have also dealt with the effect of 
MP and DP on long-term retention. 
However, because of the scope of the 
material to be covered on the effects 
of MP and DP on learning, their ef- 
fects on retention will not be covered 
in this paper. 

Magnitude of the Effects. When 
DP is introduced in the acquisition of 
a motor task, such as a pursuit rotor, 
enormous facilitative effects on per- 
formance are observed. There is no 
comparison to be made between the 
magnitude of such effects and those 
which occur as a consequence of DP 
in verbal learning. Facilitation by DP 
in verbal learning occurs only under 
a highly specific set of conditions, and 
the magnitude of the effect when it 
does occur is relatively small. The re- 
liability of certain DP effects must, 
in some cases, be based upon consist- 
ency from experiment to experiment 
rather than upon a strict statistical 
criterion for any given experiment. If 
one wishes to use an efficiency measure 
for learning, it would be very ineffi- 
cient to learn by DP; the subject 
would be much further ahead to learn 
by MP if total time to learn (includ- 
ing the rest intervals in DP) is the 
criterion. Even under the most favor- 
able conditions for facilitation by DP, 
one could not recommend its use in 
an applied setting where verbal ma- 
terials are to be mastered. 


First CRITICAL VARIABLE: RESPONSE- 
TERM INTERFERENCE 


In this section evidence will be sum- 
marized which has led to the conclu- 
sion that a certain amount of response- 
term interference must be present 
before DP will facilitate acquisition. 
However, some background prepara- 
tion is necessary. 
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Two-Stage Conception 


In recent years it has been found 
useful to view verbal learning as oc- 
curring in two stages. The first stage 
is the response-learning stage during 
which the subject must acquire the 
responses as responses; they must be- 
come readily recallable units. The 
second stage is the associative stage 
during which the response must be 
attached or hooked up to a specific 
stimulus. A more complete elabora- 
tion of these two stages has been given 
elsewhere (Underwood & Schulz, 
1960) ; not only do these stages seem 
to be logically necessary but the be- 
havior of subjects in mastering lists 
appears to correspond closely to the 
two stages. Furthermore, variables 
may have different effects during the 
two stages. For example, high simi- 
larity among responses in a paired- 
associate list facilitates response learn- 
ing but retards associative learning 
(Underwood, Runquist, & Schulz, 
1959). 

The relevance of the two-stage con- 
ception for understanding the effects 
of DP is this: when DP facilitates 
verbal learning the evidence points 
strongly toward the fact that it does 
so because of interference operating 
during the response-learning stage. 
This would exclude interference in 
attaching responses to particular stim- 
uli. It would include any interference 
which impedes the learning of re- 
sponses as responses. This is most 
clearly seen in learning low-meaningful 
units, such as consonant syllables. 
The interference may prevent the 
ready learning of the correct sequences 
of the letters of the consonant sylla- 
bles. Or, to say this another way, 
the interference may retard response 
integration. 

The evidence leading to this con- 
clusion will now be given in summary 
form. 


1. In a recent study (Underwood 
& Schulz, 196la), it was shown that 
if interference was built up among re- 
sponses across paired-associate lists, 
DP facilitated learning. However, if 
interference was built up among stim- 
uli across lists (with minimum inter- 
ference in acquiring responses), DP 
actually retarded learning. 

2. In a study of verbal-discrimina- 
tion learning and DP (Underwood & 
Archer, 1955), intralist similarity and 
rate of presentation of the pairs 
was varied. Under conditions which 
would normally produce facilitation 
by DP in serial or paired-associate 
learning, no effect was found. In 
verbal-discrimination learning the sub- 
ject does not have to acquire the re- 
sponse terms in the sense that he does 
in serial or paired-associate learning. 
Rather, he is presented a pair of items 
and he merely has to indicate which 
member of the pair is correct; no re- 
sponse integration is required. 

3. In a study of concept recognition 
(Underwood, 1957a) where the re- 
sponse was a common word, no facili- 
tation by DP was found in spite of 
the fact that heavy interference was 
produced because of the overlap among 
concept stimuli, 

4. Paired-associate lists of 16 pairs 
were constructed in which interfer- 
ence was varied in amount by using 
very familiar words representing the 
same concept (Underwood & Schulz, 
1961b). Although widely different 
rates of learning were observed as a 
consequence of the differential inter- 
ference, DP did not facilitate learning 
at any level of interference. In this 
task there was no problem of inte- 
grating responses; they were common 
words which were quickly acquired as 
responses. The interference occurred 
in attaching them to particular stimuli. 

Such evidence as the above has led 
to the conclusion that DP will facilitate 
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acquisition only when the interference 
impedes the integration of the response 
as such. In most of the situations 
occurring in our studies this has in- 
volved the integration of letters form- 
ing verbal units which are not words. 
However, an argument will be ad- 
vanced later that if interference occurs 
among syllables in words, DP may also 
facilitate acquisition. 


Types of Interference in Response 
Integration 

The available indicates 
that as long as interference attains a 
certain level in the response-acquisition 
stage, the of the interference 
is irrelevant. The interference may 
derive from formal similarity by dupli- 
cating letters among nonsense and con- 
sonant syllables (e.g., Underwood & 
Schulz, 1959). It may stem from 
habits developed in learning previous 
lists in the laboratory (e.g., Under- 
wood & Schulz, 196la). Finally, the 
interference may come from letter se- 
quence habits which have been built 
up during the lifetime of the subject. 
Thus, if the response required of the 
subject involves sequences of letters 
which run counter to strongly estab- 
lished letter-sequence habits, DP may 
facilitate acquisition (Underwood & 
Schulz, 1961b). 


evidence 


source 


Analytical Implications 


The summarized above 
strongly suggests that interference in 
response integration is responsible for 
facilitation by DP. Furthermore, it 
has been shown that similarity among 
stimulus terms may actually retard 
learning by DP. Certain implications 
for analysis follows from this state of 
affairs. 

1. In serial learning the functional 
stimulus for any given item in the 
list is essentially unknown. It may 
be serial position, the immediately pre- 


evidence 


ceding item, several preceding items, 
or some complex of all of these. There- 
fore, serial learning is not a task pro- 
viding sufficient isolation between stim- 
ulus and response functions to pro- 
duce critical theoretical decisions. 
This does not mean, of course, that 
serial learning will not respond to DP. 
Indeed, it has been found generally 
“easier” to get positive effects of DP 
for serial than for paired-associate 
lists, probably because of differences 
in rate of presentation usually em- 
ployed (Hovland, 1949). But, if the 
inferences made earlier are correct, 
when the investigator cannot specify 
the locus of interference (among stim- 
ulus terms or among response terms), 
the worth of a task is much reduced for 
the study of DP. 

2. The paired-associate task is most 
suited for decisive testing of hypothe- 
ses about how DP produces its effect. 
However, if interference occurs among 
stimulus terms, among response terms, 
and among stimulus and 
terms—all simultaneously—the analyti- 
cal capabilities of the task are greatly 
reduced. The use of counterbalanced 
designs may well “throw in” interfer- 
ence of an unspecifiable nature across 
lists. Thus, when such designs are 
used and when interference is ostensi- 
bly independently manipulated among 
stimulus terms and among response 
terms within lists, interlist interfer- 
ence may completely eliminate the 
analytical usefulness of these studies; 
that this seems to have been the case 
has been detailed elsewhere (Under- 


wood, 1954). 


response 


SECOND CRITICAL VARIABLE: LENGTH 
OF INTERTRIAL INTERVAL 


The length of intertrial interval is, 
obviously, a critical variable since it is 
an integral part of the defining opera- 
tions for the phenomenon under con- 


sideration. So, therefore, the question 
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asked about this variable concerns 
phenomena which may be corre- 
lated with variations in the intertrial 
interval. 

If one asks the beginning student 
in elementary psychology what would 
happen if a rest interval were intro- 
duced as he was endeavoring to learn 
a list of words, a likely response would 
be that he would forget some of what 
he had learned. The logic of this 
position seems unassailable if we use 
rest intervals of an hour, a day, or a 
year. The line of evidence to be pur- 
sued is that measurable forgetting oc- 
curs over the short intervals used to 
define DP. 

1. A study has been reported (Un- 
derwood & Schulz, 196la) in which 
interference among stimuli in paired- 
associate lists was built up across four 
lists. In learning this fourth list, DP 


(l-minute interval) was somewhat 
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inferior to MP. Since the responses 
in these lists for both studies were 
adjectives of low intralist and inter- 
list similarity, the effect observed ap- 
pears to result from interference in 
the associative or hook-up stage of 
learning. It is presumed that the DP 
interval results in more proactive in- 
terference than the MP interval. The 
effect this interference on short- 
term forgetting may be indexed by 
determining on which trial responses 
were first correctly paired with their 
stimuli. A tally was made of the trial 
on which each response was first cor- 
rectly paired with its stimulus (com- 
bining all subjects). Then, the per- 
centage of total items first given cor- 
rectly on each trial was ‘etermined; 
for presentation here, blocks of two 
trials have been combined. As seen 


of 


in Figure 1, a greater percentage of 
responses was first paired correctly on 
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Proportion of adjective responses first given correctly on successive trial 


blocks when learning was by massed practice and by distributed practice. 
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Fic. 2. Proportion of trigram responses 
first given correctly on successive trial 
blocks when learning was by massed prac- 
tice and by distributed practice. 


Trials 1 and 2 when learning was by 
MP than when it was by DP. There 


were 48 subjects in each condition; 
the ¢ between the mean number of dif- 
ferent items correctly anticipated on 


the first two trials is 2.03, which meets 
the 5% significance level. Of course, 
it must be remembered that for such 
short intervals no great amount of 
forgetting would be anticipated. 

2. A comparable analysis has been 
made for quite a different kind of 
paired-associate list (Underwood & 
Schulz, 1961b). The response terms 
in these lists consisted of three-letter 
units (trigrams) constructed so as to 
have very low-associative connection 
between letters as determined by 
the Underwood-Schulz tables (1960). 
One of the three sets of response 
terms used is as follows: DSU, RZL, 
CFY, XBN, IGW, TPM, OV], 
KHQ. The learning of such responses 
appears to be heavily interfered with 
by well-established letter associations. 
Stimuli were single-digit numbers. 
Altogether, 70 subjects learned such a 
list under DP (30-second interval) 
and 70 with MP (4-second interval) 
for 20 trials. The learning under DP 
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was not appreciably better than under 
MP (a matter for later discussion). 
The percentage of responses first given 
correctly in successive blocks of four 
trials is shown in Figure 2. This fig- 
ure indicates that under DP the re- 
sponses on the average are first given 
correctly at a later point in learning 
than under MP. The mean difference 
between MP and DP on the first block 
of trials fails to achieve an acceptable 
level of statistical significance, but 
that a true difference in forgetting is 
occurring is suggested by the next set 
of data. 

3. A list was made up of single- 
digit numbers as stimuli and the eight 
above listed trigrams as_ responses. 
Thirty-six subjects, naive to verbal- 
learning experiments, were assigned 
on a random basis to one of two 
groups. Each group received 20 ac- 
quisition trials. One of the groups was 
given a 2-minute rest after Trial 9, 
and the other group a 2-minute rest 
after Trial 18. The rest interval in 
each case was filled by a symbol can- 
cellation task commonly used to fill 
DP intervals (Underwood, 1952a). 

The performance curves for these 
two groups are shown in Figure 3. 
Not only do the two groups differ sig- 
nificantly on Trial 10 (¢ = 4.42), but 
loss from Trial 9 to Trial 10 for the 
group given the rest interval is highly 
significant (t = 3.05). However, dif- 
ferences in performance on Trial 19, 
or the loss between Trials 18 and 19 
for the group given the rest interval, 
do not even approach statistical sig- 
nificance. The fact that forgetting 
occurs after Trial 9 and not after Trial 
18 would be anticipated on the basis 
of differences in level of learning at- 
tained at those two points. The major 
point to be made by these data, how- 
ever, is that forgetting can be meas- 
ured over short intervals early in 
learning when the response terms are 
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Forgetting of trigram lists over a 2-minute interval when the interval is 


introduced after the ninth trial and after the eighteenth trial. 


difficult to learn (presumably 
because of interference from stronger 
letter-association habits). That for- 
getting may occur over a 2-minute 
interval is quite in line with previous 
results using serial lists of consonant 
syllables (Underwood, 1957b). 

4. In a published study (Under- 
wood & Schulz, 1959) data have been 
presented on the learning of a serial 
list with high formal intralist similarity 
among consonant syllables. Four dif- 
ferent intertrial intervals were used, 
namely, 2, 8, 17, and 38 seconds. 
Over an interval the subject may for- 
get the response as such, or he may 
forget its proper position in the serial 
list. There is no evidence in this ex- 
periment that the syllables as such 
were forgotten over these short inter- 
vals, but the initial retention of the 
proper positions of the items in the 


ones 


list was impaired as a consequence of 
the interval. The measure used to 
demonstrate this is simply the mean 
number of items incorrectly positioned 
when first given. This measure is re- 
lated to the length of the interval in 
Figure 4. The longer the interval the 
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Fic. 4. Mean number of serial consonant 
syllables placed incorrectly before being 
placed correctly as a function of the length 
of the intertrial interval. 
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greater the number of items given in- 
correctly before being given correctly. 

5. Finally, it may be mentioned that 
in a number of published studies (e.g., 
Underwood & Richardson, 1958) 
where DP did facilitate acquisition 
there was evidence during the initial 
trials that DP resulted in inferior per- 
formance. This effect may be at- 
tributed to proactive interference in 
cases where other lists had been 
learned previously. But the phenome- 
non has been found with 38- 
second intervals in serial learning by 
naive subjects. The effect could be 
due to loss of warm-up over the inter- 
val during the early trials, but it is 
more likely due to forgetting. 

The above evidence has been pre- 
sented merely to demonstrate that for- 
getting has taken place over the DP 
interval in many of the studies. The 
purpose of demonstrating this is to 
suggest that in trying to understand 
how DP produces a positive effect the 
understanding of processes producing 
forgetting must be given a central role. 
To attain this goal, the evidence pre- 
sented above is no substitute for ex- 
tensive systematic studies of short- 
term retention using different mate- 
rials for which interference possibilities 
are known. Since such studies are not 
available, certain assumptions will have 
to be made about how forgetting occurs 
over short intervals. The position is 
taken that the. very which 
produce forgetting over the short inter- 
vals are also involved in better learn- 
ing by DP. The resolution of these 
superficially contradictory positions is 
the next matter for discussion. 


also 


pre cesses 


Tue INTERACTION HypornHesis 

It has been asserted that DP will 
facilitate acquisition only when some 
minimal level of interference is present 
in the response-acquisition phase of 
learning. An interference theory of 
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forgetting presumes that this same 
interference will produce forgetting. 
Forgetting will occur because inter- 
fering tendencies recover in strength 
over the interval; if the recovery is 
great enough, and if the intial associa- 
tion defining the correct response is 
weak, the recovered tendencies will 
block or replace the correct tendencies. 

Evidence from recent experiments 
(Barnes, 1960; Barnes & Underwood, 
1959) give firm support to the notion 
that verbal associations are extin- 
guished or weakened by the occurrence 
of conflicting associations. There is 
also evidence that a process analogous 
to spontaneous recovery of extin- 
guished associations occurs; this is 
fairly clear over long periods of rest 
(e.g., Briggs, 1954). But it is also 
evident that some such process may 
occur over very short intervals when 
error tendencies are initially strong 
and correct tendencies weak. In al- 
most all of our studies of DP it has 
been found that more overt errors are 
made early in learning under DP than 
are made under MP. The one as- 
sumption which must be made, and it 
is an assumption for which direct in- 
dependent evidence in the learning of 
verbal units is lacking, is that extinc- 
tion of associations following recovery 
attains a greater “depth” than when 
such recovery does not occur. Under 
highly MP conditions such recovery 


is presumed not to occur (at least to 
Under DP there is suc- 


any extent). 
cessive recovery of error 
and successive extinctions. Under MP 
the error tendencies essentially remain 
suppressed but, at the same time, re- 
duce the effective strength of the cor- 
rect response tendency. Early in learn- 
ing this reduction in effective strength 
of the correct response tendency may 
be less than that produced by the re- 
covered tendency in DP; hence, for- 
getting under DP may be shown to be 


tendencies 
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greater than under MP over the short 
intervals. But, as interfering associa- 
tions are weakened by successive ex- 
tinctions in DP—and not in MP— 
the situation becomes reversed as trials 
continue. 

With the above conception in mind 
it can be seen why obtaining facilita- 
tion by DP is dependent upon a highly 
specific set of conditions. If DP is to 
produce facilitation, the following con- 
ditions must be met: (a) there must 
be some minimal amount of interfer- 
ence in response acquisition so that the 
integration of the components of the 
correct response by the subject is slow, 
(b) error tendencies must recover 
enough so that successive extinctions 
can be effective, but (c) the recovery 
must not be so great as to block or 
replace the correct association over 
several trials. The situation is most 


delicate early in learning when correct 
response tendencies are relatively weak 


and error tendencies relatively strong. 
Thus, the two critical manipulable 
variables are amount of interference 
and length of DP interval because 
these two variables allow indirect ma- 
nipulation of strength of error tenden- 
cies and amount of recovery of error 
tendencies. 

One of the implications of the above 
conception is that given at least some 
minimal amount of interference in re- 
sponse integration, a DP interval could 
be found which would facilitate acqui- 
sition. Data already published and 
data to be published do not completely 
conform to this expectation so that con- 
siderable evaluation is necessary. 


Length of Interval 


An examination of studies in which 
length of DP interval is varied does 
not give much support to the idea 
that length of DP interval is critical, 
given a certain level of intial interfer- 
ence. This is true in our studies and 
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also in those of other investigators 
(e.g., Wright & Taylor, 1949). How- 
ever, note can be taken of certain stud- 
ies where there is suggestive evidence 
that longer DP intervals result in 
poorer learning than do shorter ones. 
For example, in one study (Under- 
wood, 1953c) two independent experi- 
ments were done in which 60-second 
and 120-second DP intervals were 
used. The performance in both stud- 
ies was poorer with 120 seconds than 
it was with 60 seconds. Such a result 
also occurred in another study where 
the intervals were 30 seconds and 60 
seconds (Underwood, 1952a), but not 
in another of near comparable design 
(Underwood, 1952b). In still another 
study (Underwood & Richardson, 
1955) there was no inversion in the 
relationship between length of DP 
interval and rate of learning up to 3 
minutes. However, the present be- 
lief is that this relationship was con- 
founded by a subject selection. The 
learning of difficult lists was carried 
until the subject achieved a criterion 
of one perfect trial. Total learning time 
was limited to a 50-minute period. If 
the subject did not achieve the criterion 
within that period he was dropped. 
The number of subjects dropped was 
directly related to length of DP inter- 
val. It is possible, therefore, that the 
longer the interval the greater the se- 
lection of subjects who could learn 
under the long DP intervals. It may 
be that those selected represent sub- 
jects whose short term memory was 
good. 

The Wright-Taylor study, noted 
above, used DP intervals up to 8 min- 
utes. Performance under the 8-min- 
ute condition was as good as under 
the shortest DP interval, which was 
75 seconds, and all DP conditions were 
superior to MP (2 seconds). There 
are possibilities of rationalizing the 
results of this study so that it does not 
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stand in such apparent contradiction 
to the position stated earlier. Inter- 
ference involved would be fairly low 
and entirely of an intralist nature, since 
the subjects were apparently naive. It 
is possible that all recovery of intra- 
list error tendencies that would occur 
had taken place in the shortest DP 
interval (75 seconds). Forgetting 
which might occur because of inter- 
ference from outside sources would be 
slight for these naive subjects over the 
longest DP interval (8 minutes). Fi- 
nally, cartoon reading was used to fill 
the DP intervals; this may be quite an 
ineffective method to prevent rehearsal. 

In short, there is no evidence avail- 
able which denies the possibility of 
full exploration of the notion that the 
critical interaction involved is that 
between amount of interference and 
length of DP interval. 


Degree of Response Integration 


Three paired-associate lists were 
made up in which response terms were 
trigrams of three different degrees of 
integration (Underwood & Schulz, 
1961b). The list of initially low in- 
tegration was made up of items com- 
parable to those presented earlier in 
this paper. The higher the degree of 
integration, the easier it is to learn the 
list. A DP interval of 30 seconds did 
not produce positive effects for any of 
the three lists. However, the list of 
poorly integrated trigrams showed 
evidence of forgetting (as indicated in 
Figure 2) with an indication that DP 
was producing some facilitation near 
the end of the 20 trials given. This 
suggests that a shorter DP interval, 
perhaps 15 seconds, would result in 
significant facilitation in learning. If 
this is the case, however, why did the 
list of somewhat higher integration not 
show facilitation over 30 seconds? 
There are two possibilities. This list 
was much easier to learn than the list 
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of low integration. It may not have 
met the minimum requirements for 
amount of response interference. If a 
list were constructed which is in be- 
tween the low and medium list in 
terms of degree of integration such a 
list might show facilitation with a 30- 
second DP interval. The other pos- 
sibility is that the relatively weak error 
tendencies in the medium list require 
a longer DP interval for recovery, such 
recovery being necessary for DP to 
facilitate. 

It can be seen that in making the 
above predictions it is again necessary 
to specify a highly particular set of 
conditions before DP will facilitate 
learning. One strong reason for con- 
fidence in such predictions lies in the 
results of the following experiment, an 
experiment which was viewed as a 
method of manipulating initial response 
interference (Underwood & Schulz, 
1961b). 

Two paired-associate lists in which 
two-letter units were the response 
terms were constructed. In one list 
each of these bigram responses had low 
integration between the two letters, 
and in the other the integration was 
high. The units having low integra- 
tion were: EY, CF, XV, DS, OW, 
JH, MK, RZ. Those having high in- 
tegration were: MN, RA, CO, QU, 
XY, ET, JK, DI. The stimuli for both 
lists were single-digit numbers. The 
list of low initial integration was much 
more difficult to learn than the one 
with high integration. Furthermore, 
DP (30 seconds) significantly facili- 
tated the learning of the list with 
poorly integrated items and had no 
effect on the list in which the bigrams 
were well integrated. 

Thus, with a 30-second DP interval, 
the learning of the lists in which tri- 
grams were responses was not facili- 
tated, but the learning of bigrams was 
facilitated. That the number of letters 
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is not the critical variable is shown by 
the fact that with single letters as re- 
sponses DP did not facilitate (Under- 
wood & Schulz, 1961b). The conclu- 
sion from these experiments is that 
there is a very sharp interaction be- 
tween length of the DP interval and 
the amount of initial response inter- 
ference. With the poorly integrated 
bigrams, the 30-second interval may 
have been about optimal; with the 
poorly integrated trigrams, this inter- 
val may have been too long. It is also 
possible that if response interference 
is too high, DP will never facilitate 
acquisition if the DP intervals are in- 
troduced at the start of learning. That 
is to say, any recovery of error tend- 
encies may so retard learning that MP 
will be superior. However, this is 
not expected to be the case; rather, 
when interference is heavy, the expec- 
tation is that the DP interval must be 
short in order for facilitation to occur. 


Words 

To maintain that DP facilitates ac- 
quisition only when interference occurs 
in acquiring the responses as such re- 
quires a consideration of instances in 
which words have been used and in 
which DP has facilitated acquisition. 
The problem provided by these in- 
if the interfer- 


stances is simply this: 
ence must obtain during the response- 
integration phase, why should words 


ever be facilitated by DP? Before 
considering possible answers to this 
question, the facts concerning the ef- 
fects of DP in the learning of word 
lists need to be reviewed. 

Serial lists of adjectives, with rela- 
tively low intralist meaningful simi- 
larity, have been shown to be learned 
faster under DP than under MP (Un- 
derwood, 1951, 1953b; Underwood & 
Goad, 1951; Wilson, 1948). The dif- 
ferences have not always been statis- 
tically significant, but the consistency 
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argues that DP is having some effect. 
In one study (Underwood & Goad, 
1951) in which all adjectives within 
the serial list had the same core of 
meaning the effects of DP were greater 
than if the adjectives had relatively 
low meaningful similarity. In another 
study (Underwood, 1953b), where 
similarity was manipulated among 
clusters of words within serial lists, 
the effects of DP were small and did 
not differ as a function of the degree 
of similarity. No effect of DP has 
been noted when paired-associate lists 
of adjectives have been used (Under- 
wood, 1953a). 

All of the above studies used two- 
syllable adjectives. The position is 
taken here that difficulties may occur 
in integrating two-syllable adjectives 
in the same sense that these difficulties 
may occur in integrating two letters 
within a nonsense syllable or a con- 
sonant syllable. For example, con- 
sider a list in which two of the words 
are ROUNDED and CRUMBLING. Inter- 
ference in integration could be indexed 
by the subject responding with rouNp- 
ING and CRUMBLED, Thus, when syl- 
lables are interchangeable and the in- 
terchange still makes words—whether 
of the same part of speech or not— 
interference in response integration 
may occur. Such merger responses 
do in fact occur in the record sheets. 

It would be presumed that when 
interference occurs among syllables of 
the words it would occur most severely 
when the correct syllable sequence has 
relatively weak associative connection 
and the incorrect relatively high. The 
situation may be viewed in exactly the 
same way as was done previously for 
letter sequences. It would be possi- 
ble to construct lists in which the like- 
lihood for interference varied from 
low to high among the syllables mak- 
ing up the words within a list. So far 
as is known, however, no such system- 
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atic data are available. Therefore, 
only the assertion can be made that 
syllabic interference is responsible for 
instances in which DP has facilitated 
the learning of word lists. Two sets 
of data are available, however, which 
indirectly support the position. These 
data have not been published elsewhere. 

It was noted above that in one study 
(Underwood & Goad, 1951), learn- 
ing of serial lists was facilitated by 
DP when all items in the list had 
the same core of meaning. In this 
counterbalanced study subjects learned 
a total of eight lists so that interlist 
syllabic interference could be built up. 
If the source of the interference is 
largely of an interlist nature, DP 
should not facilitate the acquisition of 
these lists if the subjects were rela- 
tively naive. A test of this implication 
was made. Two of the original high- 
similarity lists were used, each being 
learned by 12 subjects under MP (2 
seconds) and 12 subjects under DP 
(30 seconds). Thus, 24 
learned under DP and 24 under MP. 
The lists were presented for 20 acqui- 
sition trials. While learning 
more rapid under DP than under MP, 
the difference was far from being sig- 
nificant statistically. This finding, 
therefore, argues that the original re- 
sults were at least in part an interlist 
effect; since several lists had been 
learned the possibilities of syllable 


subjects 


was 


interchange was much greater than in 
the present study. 
In another study a serial list was 


constructed of 14 words. The 14 
words, seven pairs of highly associated 
words from the Minnesota free-asso- 
ciation norms (Russell & Jenkins, 
1954), were as follows: TABLE, CHAIR, 
BED, SLEEP, NAIL, HAMMER, GIRL, BOY, 
HIGH, LONG, 
were randomized 


SCISSORS, CUT, LOW, 
The words 
in terms of serial position within the 
list presented to the subject. The no- 


SHORT. 
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tion was that such a list would have 
rather high internal interference be- 
cause of the strong associative connec- 
tions existing between pairs of words. 
However, there should be low syllabic 
interference because many of the words 
have only one syllable. Response learn- 
ing should take place very quickly but 
the existing associative connections 
should retard the associative phase of 
learning. Thirty naive subjects were 
presented the list (for 20 trials) under 
MP and 30 subjects under DP (2 
seconds and 30 seconds, respectively). 
Learning by MP was not superior to 
that by DP. Thus, a word list with 
rather heavy interference, but an in- 
terference that did not prevail among 
syllables, was not facilitated by a 30- 
second DP interval. 

It should be clear that the above two 
studies only indirectly support the 
idea that syllabic interference of a cer- 
tain amount must be present before 
DP will facilitate the learning of word 
lists. Only studies specifically de- 
signed to vary syllabic interference 
will give a decision as to whether or 
not the position taken here is appro- 
priate. 

RELATED VARIABLES AND 
PHENOMENA 


Serial Position Curve 


In a recent study (Underwood & 
Schulz, 1959) it was noted that when 
DP facilitated the acquisition of serial 
lists the shape of the serial position 
curve differed for MP and DP. Learn- 
ing under MP gave the classical bowed 
curve, clearly skewed so that the 
point of maximal difficulty was past 
the center of the list, and with the 
last few items in the list clearly being 
learned more slowly than the first few 
Under DP, however, the curve 
little 
items 


items. 
was almost symmetrical: very 
skew was evident and the last 
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in the list were learned almost as 
rapidly as the first items in the list. 
The difference in the shapes of these 
curves led to the conclusion that DP 
facilitated learning in a direct relation- 
ship to the position of the item in the 
serial list: those items near the end of 
the list were greatly facilitated, those 
near the beginning were facilitated 
very little. The question raised here 
is whether or not this phenomenon 
should be given any theoretical im- 
portance in trying to understand how 
DP produces its effect. The conclu- 
sion is that it should not be given such 
status. The reason for this is that it 
is a phenomenon limited entirely to 
subjects naive to serial learning as ex- 
perienced in the laboratory. 

An examination has been made of 
a number of our previous studies in 
which subjects served for several days 
and learned several lists (e.g., Under- 
wood & Richardson, 1955). In every 
case it was found that in learning the 
first list the above described difference 
in the shape of the serial position curve 
as a function of MP vs. DP was found, 
but after the subjects were practiced 
the differences disappeared and both 
the MP and DP serial position curves 
assumed the shape of the classical 
curve. This was true in spite of the 
fact that DP had facilitated learning 
at all stages of practice. Furthermore, 
with naive subjects learning lists which 
were not facilitated by DP, the last 
few items in the list were learned more 
rapidly under DP than under MP 
but at the expense of inferior per- 
formance on other items in the list, 
primarily those at the beginning. 

Secause of these facts it seems most 
reasonable to interpret this phenome- 
non as a side effect resulting from the 
introduction of the DP intervals to 
naive subjects. It may represent a 
short-term effect based on 
recency, or it may be that naive sub- 


memory 
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jects adopt a different strategy of 
learning when given DP than when 
given MP. In any event, at the pres- 
ent time there seems to be no necessity 
to attach theoretical importance to 
the phenomenon when the _ theoreti- 
cal interest is in understanding how 
DP produces its facilitating effect on 
learning. 


Rate of Presentation 


Previous investigators have shown 
that the faster the rate of presentation 
of a serial list (Hovland, 1938b), or 
of a paired-associate list (Hovland, 
1949), the greater the facilitation by 
DP. This relationship (as well as 
others) has always been a compelling 
one for the introduction of an inhibi- 
tory construct in explanatory attempts. 
With such a construct it can be said 
that the faster the rate of presentation 
the greater the amount of inhibition 
built up, hence, the greater the posi- 
tive effect of allowing the inhibition to 
dissipate over the DP intervals. The 
question for the moment, however, is 
how can the rate-of-presentation effect 
be handled by the present conception ? 

The slower the rate of presentation 
the greater the amount of response 
learning which occurs on any one 
trial. The greater the amount of re- 
sponse learning the less likely it is 
that recovered error tendencies will 
interfere, hence, the less the “need” 
for extinction. Presenting (at a rela- 
tively slow rate) a list in which con- 
siderable response integration is re- 
quired is comparable to presenting a 
list of fairly well integrated responses 
at a fast rate. However, the present 
conception also leads to a prediction 
in which a slower rate of presentation 
would give greater facilitation by DP 
than would a faster rate. If a list of 
responses is used in which there is very 
heavy interference in response inte- 
gration, the fast rate of presentation 
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will allow so little learning to occur 
that with certain DP intervals the 
amount of forgetting would be greater 
than the positive effects of successive 
extinctions. A slower rate of presen- 
tation—allowing for greater response 
learning per trial—would give greater 
facilitation for this DP interval. So 
far as it is known, there are no data 
available for this test. To make the 
test, the following requirements must 
be met. First, a paired-associate list 
in which the responses are poorly in- 
tegrated must be employed. As a 
guess, a list of poorly integrated tri- 
grams (as presented earlier) would 
probably be satisfactory, perhaps with 
the inclusion of a small amount of 
formal similarity (duplicated letters). 
Second, the reduction in the rate of 
presentation must occur in the re- 
sponse inspection period, not in the 
anticipation period. Thus if the “slow” 
rate of presentation is 2 seconds for 
the anticipation period and 2 seconds 
for the stimulus and response together, 
a fast rate would be 2 seconds and 1 
second, respectively. A reduction in 
the anticipation interval introduces dif- 
ferences in performance factors which 
are not included in the present concep- 
tion. Finally, because of the sharp 
interaction presumed to occur between 
amount of interference and the DP 
interval, several DP intervals should 
be included. If the above suggested 
list is used, intervals of 15, 30, and 
120 seconds should give full oppor- 
tunity for the expected reversal in 
the rate-of-presentation relationship 
to occur. That is, if it does not occur 
at 30 seconds, it should occur at 120 
seconds. 


Length of List 


Hovland (1940) has shown 
that as the length of a serial list of 
nonsense syllables increases, a given 
DP interval facilitates acquisition more 


also 
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and more. One of the inevitable con- 
sequences of increasing the length of 
lists made up of such materials is to 
increase the amount of formal simi- 
larity, and with an increase in amount 
of formal similarity the greater the 
likelihood that DP will facilitate ac- 
quistion (e.g., Underwood & Richard- 
son, 1958; Underwood & Schulz, 
1959). If the amount of interference 
in response integration was below the 
optimal amount for the given DP in- 
terval, increasing the length of the 
list would increase the amount of inter- 
ference toward the optimal. It is ap- 
parent that this conception immediately 
leads to a prediction in which length- 
of-list relationship as found by Hov- 
land would break down. For, if the 
shortest list used had the amount of 
response interference that was optimal 
for a given DP interval, increasing 
the length of the list (thus increasing 
the amount of interference) would 
lead to less facilitation by DP than was 
true for the shorter list. No data are 
available to test this expectation. 
Reminiscence in Recall 

Reminiscence is demonstrated when 
recall following a short interval of 
rest is greater than if no rest occurred. 
As is well known, this is one of the 
most elusive phenomena extant in the 
whole area of verbal learning. Many 
investigators have been unable to pro- 
duce the effect. Its magnitude, when 
found, is very smal!. For example, in 
Hovland’s (1938a) first study the 
reminiscence at various points in learn- 
ing varied from one-third to one-half 
an item out of a 12-item list. The ap- 
pearance of the phenomenon is also 
acutely dependent upon the length of 
the rest interval (Ward, 1937). Just 
as the facilitation by DP is dependent 
upon a highly specific set of conditions, 
so too is the phenomenon of reminis- 
cence. The present paper has at- 
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tempted to integrate facts relating DP 
and learning through the use of cer- 
tain notions about retention over short 
intervals. It is reasonable to expect, 
therefore, that these notions may have 
some relevance to reminiscence in 
recall. 

When reminiscence is found it is 
under conditions of rather heavy inter- 
list interference. With serial or paired- 
associate lists, there is no reason to 
believe that potential proactive inter- 
ference tendencies, established by the 
learning of many earlier lists, are spe- 
cific to only one item or one associa- 
tion in the list for which reminiscence 
is demonstrated. That is to say, a 


proactive error tendency may inter- 
fere with more than one item in a list. 
If this error tendency recovers over 
a reminiscence interval, it may reach 
a strength that will interfere with a 
response but not prevent its correct 
anticipation. 


However, with such an 
error tendency having recovered a 
certain amount, but with the correct 
response being anticipated correctly in 
spite of the recovery, some extinction 
of that error tendency should occur. 
If, as presumed above, this error tend- 
ency could interfere with other items 
in the list, especially ones near the 
anticipatory threshold, a consequence 
of this partial extinction is to reduce 
the interference on these near-thresh- 
old items. This should give them a 
slightly higher probability of being 
correct, thus producing reminiscence. 

Again it is clear that this concep- 
tion of how reminiscence may ocur 
necessitates a highly specific set of cir- 
cumstances. The amount of recovery 
of the error tendency must be “just 
right,” hence the amount of interfer- 
ence and length of interval again be- 
come the critical manipulable variables. 
Furthermore, the interfering tendency 
must potentially interfere with more 
than one item so that its partial ex- 
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tinction (when it occurs in conjunc- 
tion with one response) will reduce 
the likelihood that it will interfere 
with other responses. Finally, a single 
extinction of the interfering tendency 
must reduce its actual interference 
effects for other items below those 
effects which prevail for the same 
error tendency under the no-rest (con- 
trol) condition. To suggest that this 
extraordinarily specific set of conditions 
must be met before reminiscence can 
be demonstrated does not seem entirely 
unreasonable in view of the ephemeral 
nature of the phenomenon. 

Two other comments should be 
made about reminiscence in recall. 
First, the above notions have been 
applied to the situation in which there 
is interlist interference. In studies of 
DP, both interlist and intralist inter- 
ference can produce a positive effect 
for DP. There appears to be no rea- 
son why reminiscence could not be 
demonstrated with intralist interfer- 
ence with naive subjects, as long as the 
above mentioned set of conditions are 
met. That is, there must be inter- 
fering tendencies which are not specific 
to a given response unit, and the 
amount of interference and length of 
interval must be coordinated. The 
present belief is that once these more 
critical relationships are plotted for 
DP, it will be a much easier task to 
specify the exact conditions necessary 
for the production of reminiscence 
than is possible at the present time. 

The second point to be made is 
that it is still barely possible that remi- 
niscence is an artifact of the color- 
naming activity used to fill the interval 
in many studies. The rationale for 
this has been outlined elsewhere 
(Archer, 1953), and in spite of the 
negative results of Archer’s test of 
this notion, it is conceivable that the 
conditons necessary to produce this 
artificial reminiscence are also specific 
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and that these conditions were not met 
in the test made. 
Reminiscence in Relearning 

Certain studies have shown that 
whereas a single rest interval intro- 
duced during the acquisition of a list 
may not produce enhanced recall after 
the interval, subsequent learning will 
be facilitated. Studies of this type are 
illustrated by the work of Riley (1953, 
1954, 1957). In Riley’s studies, sub- 
jects learned two lists of paired-asso- 
ciate nonsense syllables of low mean- 
ingfulness. Since intralist formal simi- 
larity was low, interlist similarity 
among responses was appreciable. A 
single 2-minute rest interval intro- 
duced during the learning of the sec- 
ond list produced some facilitation in 
subsequent learning although no remi- 
niscence was apparent on the recall 
trial. No effect was noted when only 
a single list was learned; therefore, it 
seems evident that the presence of 
interlist interference was a critical 
component for the phenomenon. Fur- 
thermore, since the effect occurred 
whether the two lists had the 
stimuli and different responses or dif- 
ferent stimuli and different responses, 
it may also be concluded that the criti- 
cal interference is not in the stimulus- 
response relationships. In line with 
previous work on DP, therefore, it 
seems likely that the critical locus of 
interference is in response integration. 
If this is the case, the single-trial ex- 
tinction hypothesis can be applied; the 
interval allows recovery of errors 
which are extinguished a_ certain 
amount; hence, interference with sub- 
sequent learning is less than if the 
interval had not been introduced. 

Why does not reminiscence occur 
on the recall trial immediately after 
the interval? The reason for this may 
be that the interference is specific be- 
tween a response term in the first list 


same 
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and one in the second, e.g., those that 
begin with the same first letter. If this 
is the case, extinction of this specific 
interfering tendency cannot influence 
the recall of other items on the recall 
trial since they are interfered with by 
other specific tendencies. 

If this interpretation of Riley’s work 
is appropriate, it would obviously be 
predicted that no reminiscence effect 
would be found if the response terms 
were common one-syllable words. This 
prediction would hold regardless of 
the materials used for stimuli and re- 
gardless of the relationships between 
the stimuli in the two lists. 


Meaningfulness 

There is some evidence that the 
lower the meaningfulness of the ma- 
terials the greater the likelihood that 
DP will facilitate learning. Tsao 
(1948) concluded this as a result of 
his experiment, but it is possible that 


meaningfulness and formal intralist 
similarity were confounded in _ his 
study (Underwood & Richardson, 


1958). Nevertheless, in terms of the 
conception advanced here, meaningful- 
ness should be a variable determining 
DP effects because in general the 
lower the meaningfulness the lower 
the degree of response integration 
(Underwood & Schulz, 1960). And, 
as stated several times earlier, the 
lower the degree of response integra- 
tion the greater the susceptibility of 
these responses to interference effects. 
However, if experiments are per- 
formed in which the complete range of 
meaningfulness is used, but with a 
single DP interval, the results are not 
likely to meet expectations. This fail- 
ure would result from the interaction 
between amount of interference and 
length of DP interval. Finally, it 
should be mentioned again that when 
interference in integrating responses 
is very heavy—as it may be with ma- 
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terial of very low meaningfulness— 
it is possible that amount of forgetting 
occurring over even a short DP inter- 
val will be too great to expect overall 
facilitation. 

SUMMARY 

This paper presents a conception of 
how distributed practice facilitates the 
acquisiton of verbal lists. The evi- 
dence indicates that distributed prac- 
tice will enhance learning only when 
interference occurs in the response- 
learning phase. This interference re- 
duces the effective response strength 
of the correct response. With the in- 
troduction of a rest interval, error 
tendencies recover in strength, but 
with subsequent occurrences of the 
correct response the error tendency is 
extinguished. Thus, distributed prac- 
tice allows for successive extinctions 
of error tendencies and the assumption 
is that such a process results in a more 
effective elimination of the deleterious 
interference than occurs 
under massed practice. Under massed 
practice error tendencies are assumed 
to be suppressed rather than extin- 
guished. 

This conception makes amount of 
response interference and length of the 
distribution interval the two critical 
variables in determining whether or 
not distributed practice will facilitate 
learning. In general, the greater the 
interference the shorter must the dis- 
tribution interval be for facilitation to 
occur. If interference is high, and 
the interval too long, forgetting will 
oceur because of the weak development 
of the associative strength of the com- 
ponents of the correct response on 
any one trial and the recovery of the 
error tendencies will persistently block 
or replace the correct response. There- 
fore, for distributed practice to facili- 
tate learning when response interfer- 
ence is heavy, the distribution interval 


effects of 


must be short. It is possible that 
when interference is very heavy, dis- 
tributed practice will never facilitate 
learning. 

The effects of several other vari- 
ables, including length of list, rate of 
presentation, single short rest intervals 
(reminiscence), and meaningfulness 
were evaluated. Certain predictions 
were advanced concerning the effect 
of these variables when more thor- 
oughly explored. 

It should be noted that there are 
certain “soft” spots in the conception 
as presented. 

1, At the present time the minimal 
amount of initial interference necessary 
before a distribution interval of any 
length will facilitate acquisition cannot 
be independently specified. The same 
is true with maximal amount of initial 
interference. 

2. It has been noted that the neces- 
sary interference must occur in the 
response-learning stage; interference 
in associating the stimulus term with 
the response term is irrelevant. There 
is no apparent logical or theoretical 
reason why the effect of these two 
sources of interference should be dif- 
ferent; however, the data overwhelm- 
ingly support the generalization that 
the interference must be localized in 
the response term. 

3. While the ideas that error tend- 
encies recover with rest, and that they 
can be extinguished, have independent 
empirical backing, the notion that re- 
covered error tendencies are more 
effectively extinguished than nonre- 
covered tendencies has been developed 
merely to fit the demands of the data. 

The dissatisfaction with these mat- 
ters may disappear in the research of 
the next 10 years. 
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VERBAL MEDIATING RESPONSES AND CONCEPT 
FORMATION? 


ALBERT E. GOSS? 


University of Massachusetts 


Over the past five decades, verbal 
mediating responses and stimuli have 


figured as important elements in a 
number of stimulus-response analyses 
of concept formation. This paper 
briefly reviews these analyses as a 
prelude to carrying out its main 
purpose, which is the further explica- 
tion of the role of verbal mediating 
responses in conceptual behavior. 
More specifically, spelled out first are 
criteria for concept formation tasks, 
particularly as compared with those 
for conventional paired-associates 
tasks. Then described in consider- 
able detail are some paradigms of 
presumed stimulus-response relation- 
ships in concept formation. Finally, 
the paradigms are considered in con- 
junction with certain variables and 
learning principles, and sample pre- 
dictions are generated. 

Probably the earliest explicit stimu- 
us-response analysis of the role of 
verbal mediating responses in concep- 
tual behavior is that which Max 


‘An earlier version of this paper was pre- 
sented as part of a symposium on Mediating 
Processes in Transfer at the 1958 meetings 
of the American Psychological Association in 
Washington, D. C. 

? The proposals in this paper owe much to 
the ideas and experimental work of Janice E. 
Carey, James D. Fenn, Harvey Lacey, 
Marie C. Moylan, and Alvin J. Simmons. 
An opportunity to read an analysis by 
Arnold H. Buss aided development of the 
present treatment of reversal and nonreversal 
shifts. In their readings of earlier drafts, 
Barbara S. Musgrave and Charles N. Cofer 
offered many useful suggestions. Finally, 
Mary E. W. Goss, though not responsible for 
the infelicities of presentation which remain, 
was responsible for the elimination of many 
others. 
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Meyer illustrated with the concept 
“food” in his Fundamental Laws of 
Human Behavior (1911, pp. 213-214). 
The same example of the essential 
features of concepts was used subse- 
quently by Weiss (1925), Dashiell 
(1928), and Gray (1931). Although 
Watson (1920, p. 102) chose a differ- 
ent example, his treatment of con- 
ceptual behavior also emphasized 
verbal mediating responses. The 
primary purpose of these early anal- 
yses was to show that conceptual 
phenomena—which had _ previously 
been thought to be impervious to 
behavioristic treatment—could — be 
dealt with in stimulus-response terms. 
Understandably for the time, such 
analyses were only incidentally com- 
bined with learning principles to 
derive predictions about the effects of 
potentially significant variables on 
conceptual behavior, and none of the 
predictions was tested experimentally. 

Early in the forties, Birge (1941), 
Miller and Dollard (1941), and Cofer 
and Foley (1942) made suggestions 
concerning the possible significance 
of verbal mediating responses for 
conceptual behavior. These treat- 
ments, however, were more concerned 
with defining and applying the mecha- 
nism of response-mediated similarity 
and generalization than with analyz- 
ing in detail the role of this mechanism 
in concept formation. The same is 
true of Gibson’s (1940) development 
and use of the somewhat parallel 
notion of internal generalization and 
its complement, internal differen- 
tiation. 

A decade later, Osgood (1953) 
offered post factum analyses of the 
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conceptual tasks and results described 
by Hull (1920), Smoke (1932), Heid- 
breder (1946a, 1946b), and Reed 
(1946). These analyses, along with 
those of Baum (1951) and Mandler 
(1954), emphasized the mechanism 
of response-mediated similarity and 
generalization to the virtual exclusion 
of the complementary mechanism of 
response-mediated dissimilarity and 
discrimination. During the same 
period, Goss and his students ex- 
tended their studies of the latter 
mechanism (e.g., Goss & Greenfeld, 
1958) to the analysis and investiga- 
tion of the effects of experimentally 
controlled verbal pretraining on con- 
ceptual sorting (e.g., Fenn & Goss, 
1957), conceptual naming (Lacey, 


1959), and animistic thinking (e.g., 
Simmons & Goss, 1957). 

Hypotheses about the role of verbal 
mediating processes in reversal and 
nonreversal shifts of conceptual phe- 


nomena have been proposed and 
tested by Kendler and his students 
(e.g., Kelleher, 1956; Kendler & 
D'Amato, 1955), as well as by Buss 
(1956), Gormezano and Grant (1958), 
and Harrow and Friedman (1958). 
These proposals apparently evolved 
primarily from the considerable body 
of data and theory concerning the 
simple discriminative behaviors of 
infrahuman and preverbal human 
organisms to which Spence (1936) 
has been the major contributor, 
rather than from existing hypotheses 
and data concerning response-medi- 
ated similarity and dissimilarity. Of 
similar origin is Wicken’s (1954) 
analysis of the strengthening of dis- 
criminative responses to values along 
one dimension of multidimensional 
stimuli, and his subsequent more ex- 
plicit hypotheses as to how verbal 
mediating responses might be the 
vehicles of ‘“‘perceptual sets’’ (Wickens 
& Eckstrand, 1954). 

Pavlov’s “‘second signal system”’ is 
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essentially equivalent to mediating 
responses and stimuli, and it has been 
the basis for recent analyses of 
“higher nervous activity’ by Soviet 
psychologists (e.g., Elkonin, 1957). 
Within this framework, Liublinskaya 
(1957) has described theoretical and 
experimental work on the role of the 
second signal system in the conceptual 
behaviors of preschool children. 

Of the many analyses and studies 
that bear directly or indirectly on the 
role of verbal mediating responses and 
stimuli in concept formation, some 
have been supported solely by in- 
formal examples rather than by ex- 
perimental data and principles. Those 
which do refer to experimental ma- 
terials have often been limited to one 
or two relatively specific situations. 
And there has been a tendency to 
consider the nature and implications 
of only a few of the many possible 
patterns of relationships that can 
exist among initiating stimuli, medi- 
ating responses and stimuli, and 
terminating responses (Goss, 1955, 
1956).* There is clearly need for a 

3 A temporal sequence of stimulus-response 
events in which a mediating response and 
stimulus may be distinguished can be repre- 
sented as SInitiating R Mediating ~~? SMediating 
RtTerminating. Social situations or experi- 
mental tasks are conceived as beginning with 
or initiated by some stimulus “element’’ or 
“compound” and as terminating with a re- 
sponse which is reinforced or punished; is 
instrumental in altering a subject’s environ- 
ment; or, more generally, has simply been 
designated the terminating, reference, or 
criterion response. Any stimulus event or 
receptor activation might be the initiating 
stimulus of a sequence, though usually and 
practically such stimuli are social and physical 
events. 

Ideally, two criteria must be met in order 
for responses and the stimuli they produce to 
be considered mediating responses and stimuli. 
The first criterion is the observation of or 
grounds for inferring the occurrence of one 
or more responses subsequent to the initiating 
stimulus and before the terminating response. 
The second criterion is the demonstration 
that such temporaliy intermediate responses 
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more comprehensive yet experimen- 
tally rooted analysis; within the limi- 
tations to be described, such an 
analysis is offered in this paper. 


CRITERIA FOR CONCEPT 
FORMATION TASKS 


General specification of the nature 
of concept formation tasks is a 
logical starting point. Because many 
concept formation tasks have much 
in common with conventional paired- 
associates learning tasks, differentia- 
tion of the two types of tasks is also 
required. 


General Criteria 


Fundamental to the definition of 
concept formation tasks (conceptual 
behaviors) are patterns of relation- 
ships between initiating stimuli and 
terminating responses. More particu- 
larly, such tasks involve patterns in 
which two or independently 
presented initiating stimuli evoke the 
same terminating response. It is the 
independent presentation of stimuli 
that distinguishes concept formation 
tasks from convergent stimulus-com- 
pound situations. Thus crudely char- 
acterized, the simplest 
concept formation tasks are essentially 
identical to phenomena more often 


more 


of course, 


and stimuli have actual or potential facilita- 
tive or inhibitory one or more 
measures of the occurrence and strength of the 
terminating Relative covertness 
and some particular topography as additional 
criteria seem unnecessarily restrictive. How- 
ever, because of the presumed greater func- 
tional significance for most complex behaviors 
of postverbal humans of mediating responses 
originally or presently involving the vocal 
musculature, the focus of the analyses de- 
veloped here will be on such responses and 
the stimuli they produce—verbal mediating 
responses and stimuli. A more exhaustive 
treatment of the definition of mediating re- 
and stimuli and of the for 
inferring or confirming their occurrences and 
effects can be found in Goss (1956). 


effects on 


response. 


sponses bases 
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labeled primary stimulus generaliza- 
tion and response-mediated general- 


ization (Dollard & Miller, 1950; 
Goss, 1955). Indeed, the latter 


phenomena might be looked on as 
limiting cases of the former. 

Those situations commonly regarded 
as concept formation tasks, however, 
are more complex. Sets of initiating 
stimuli are partitioned into two or 
more subsets, at least one of which 
has two or more independently pre- 
sented members. Usually each of the 
subsets has two or more members, 
and the learning requirement is ac- 
quisition of the same response to all 
members of a particular subset and of 
a different response for each subset. 

At a descriptive level, the sets of 
initiating stimuli in concept forma- 
tion studies have been markedly 
heterogeneous. Because some 
apparently require paradigms differ- 
ent from those for other sets, and also 
for simplicity, sets of initiating stimuli 
are divided here into three types. 
These three types seem sufficient both 
for the development of adequate one- 
stage and two-stage paradigms and 
for the representation of all sets of 
initiating stimuli. 

In the first type of set, all members 
are either variations in values along 
one physical or psychophysical di- 
mension, or they are combinations of 
values along two or more dimensions. 
The dimensions may be primary or 
derived; the combinations may be 
completely or incompletely orthog- 
onal. Illustrative of such sets are 
four squares which are red-small, 
red-large, blue-small, and blue-large. 

Initiating stimuli in the second 
type of set can be partitioned into 
two or more subsets on the basis that 
all stimuli of each subset have some 
physically specifiable element or rela- 
tion in common. The stimuli within 
each of these subsets differ from each 
other with respect to additional fea- 


sets 
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tures. Thus, the stimuli of each 
subset consist of both common and 
variable features, neither of which has 
been (or perhaps could be) completely 
reduced to combinations of physical 
or psychophysical dimensions. Four 
stimuli, two of which have an 
S-shaped form in common and two 
of which have a sword-shaped form 
in common, but whose other features 
differ, are representative of this type 
of set of initiating stimuli. 

Sets of initiating stimuli which are 
less readily or not at all reducible to 
combinations of values along dimen- 
sions, or to subsets defined by common 
elements or relations, constitute the 
third type of set. Illustrative of this 
type are sets of words for objects, 
properties, or relations. Subsets of 
words are usually, but not necessarily, 
specified on the basis of observations 
or assumptions that all of the stimuli 
of each subset evoke one or more 
common responses, some of which 
differ from the common responses 
evoked by the stimuli of each of the 


other subsets. An example of such 


sets of initiating stimuli is provided 
subsequently.‘ 

With this type of initiating stimuli 
the bases for partitioning into sub- 
sets and for assigning responses to 


4 The first and possibly the second of the 
three types of sets of initiating stimuli dis- 
tinguished here and the relationships with 
terminating responses into which these types 
of stimuli enter are equivalent to what have 
been labeled elsewhere as conjunctive cate- 
gories or concepts (Bruner, Goodnow, & 
Austin, 1956, pp. 41-43, 244-245). The third 
of the present types seems approximately 
equivalent to Bruner, Goodnow, and Austin’s 
disjunctive categories or concepts. From 
Bruner, Goodnow, and Austin’s definition of 
relational concepts or categories and the 
accompanying examples, it cannot be de- 
termined whether such relational categories 
overlap with the first and second of the types 
noted here or whether such categories involve 
some additional type of initiating stimuli not 
distinguished here. 
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those subsets might be entirely arbi- 
trary or random. For example, eight 
consonant-vowel-consonant initiating 
stimuli, none of which has any letters 
in common, might be randomly par- 
titioned into four subsets of two 
members each. As stimuli for re- 
sponses, a different one of four two- 
digit numbers, none of which has any 
digit in common, might then be 
randomly assigned to each of the sub- 
sets of initiating stimuli, with the 
requirement that a different response 
be conditioned to each subset of 
initiating stimuli. 


Paired-Associates Learning Tasks and 
Concept Formation Tasks 


Paired-associates learning can be 
regarded as referring either to a par- 
ticular kind of task or to a more 
general procedure for establishing and 
changing stimulus-response associa- 
tions. Many concept formation tasks, 
however, have employed the paired- 
associates procedure for strengthening 
associations between stimulus mem- 
bers and responses elicited by re- 
sponse members. Both conventional 
paired-associates tasks and such con- 
cept formation tasks may therefore be 
regarded as complementary special 
cases of patterns of stimulus-response 
associations which are strengthened 
by the paired-associates procedure 
(Metzger, 1958; Richardson, 1958). 

There is only one essential differ- 
ence between conventional paired- 
associates learning tasks and concept 
formation tasks in which stimulus- 
response associations are established 
by the paired-associates procedure. 
That difference is in the ratio of 
stimulus members to responses which 
are to be conditioned to those stimuli. 
For conventional paired-associates 
learning tasks, the ratio of stimulus 
members to response members has 
been 1:1: i.e., separate associations 
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are established between each of mn, 
different stimulus members and each 
of the mn, different responses elicited 
by mn, response members. 

For the formation of concepts by 
the paired-associates procedure, how- 
ever, the ratio of stimulus members to 
the responses which are conditioned 
to those stimuli has been greater than 
1:1: i.e., for at least one, and usually 
for all of m of stimulus 
members, ”,; > 1, where n,; is the 
number of stimuli in the jth subset. 
Regardless of the type of sets of in- 
itiating stimuli, by increasing the 
numbers of responses to equal the 
number of initiating stimuli, concept 
formation tasks in which stimulus- 
response associations are established 
by the paired-associates procedure 
can be transformed into conventional 
paired-associates learning tasks. Con- 
versely, by decreasing the number of 
responses from equality with the 
number of initiating stimuli the latter 
can be into 
formation tasks. 


subsets 


transformed concept 


PARADIGMS 


The role of verbal mediating re- 
formation tasks 
and 


sponses in concept 


can be developed most easily 
clearly by means of two-stage para- 
digms of presumed relationships 
among initiating stimuli, mediating 
and stimuli, and termi- 
nating responses for each of the three 
types of initiating stimuli which were 
distinguished in the preceding section. 
Inferences regarding mediating re- 
sponses and stimuli are usually based 
on characteristics of relationships be- 
tween initiating stimuli and terminat- 
ing responses. Accordingly, in the 
first part of this section, the two-stage 
paradigms are developed within the 
paradigms 


responses 


framework of 
which involve only initiating stimuli 


Noted in 


one-stage 


and terminating responses. 
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connection with the description of 
these paradigms are some explanatory 
consequences, in particular, for re- 
versal and nonreversal shifts. 

Concept formation tasks are usually 
complex, and mediating responses 
and stimuli are commonly inferred 
rather than observed directly. Two- 
stage paradigms of conceptual be- 
haviors should, therefore, be pro- 
posed cautiously. Emphasized in the 
second part of this section are some 
precautions in the development and 
use of two-stage paradigms. 

“Abstract set or attitude,” “hy- 
potheses,’’ and ‘“‘strategies’’ are no- 
tions often advanced as central to 
any explanations of conceptual be- 
haviors. Moreover, they are often 
regarded as opposed to stimulus- 
response analyses of concept forma- 
tion tasks. The thesis elaborated in 
the last part of this section, however, 
is that these are not opposing notions, 
but rather are already embodied or 
can be readily assimilated within the 
one-stage and two-stage paradigms 
of the present analysis. 


’ 


One-Stage and Two-Stage 
Paradigms 


One-stage paradigms of conceptual 
situations and behaviors involve rela- 
tionships between initiating stimuli 
and terminating responses. Such 
paradigms provide baselines for the 
development of two-stage paradigms, 
which introduce verbal mediating 
responses and stimuli. One-stage 
paradigms are not merely stepping 
stones, however; they are useful in 
themselves, in that they appear to 
represent some of the 
conceptual behaviors of infrahuman 
organisms, of preverbal humans, and 


adequately 


of humans under conditions which 
preclude or short circuit verbal medi- 


ating responses. 








VERBAL MEDIATING RESPONSES AND CONCEPT FORMATION 253 


Combinations of Values~along Di- 


mensions 


One-stage paradigms. A _ set of 
stimuli consisting of combinations of 
two values along each of two dimen- 
sions is the simplest case of possible 
sets of stimuli containing complete 
orthogonal combinations of m values 
along each of m dimensions. The four 
initiating stimuli of the one-stage 
paradigm shown in Figure 1 are com- 
binations of two values (x1, x2) along 
an X dimension, and of two values 
(yi, Ye) along a Y dimension. For 
example, x; and x2 might be the values 
giving rise to the colors red and blue, 
respectively, along a dimension of 
wave length; y; and ye might be 
small and large areas, respectively, 
along a (derived) dimension of size. 

The two terminating responses could 
be.naming by means of familiar words, 
nonsense syllables, or manipulanda 
representing two different names. Or 
they could be sorting by placing the 
stimuli in groups, matching them with 
other stimuli, or approaching-avoid- 
ing. The two patterns of relationships 
between initiating stimuli and termi- 
nating responses depict the associa- 
tions whose strengthening or occur- 
rence are referred to here as concept 
formation. That both animals and 
humans can acquire such differential 
responses to one or some of the dimen- 
sions of multidimensional stimuli has 
been amply demonstrated (Kelleher, 
1956: Kendler & D’Amato, 1955; 
Woodworth, 1958). 

Determinants of the actual and po- 
tential patterns of relationships that 
will be learned include the number of 
fixed, relevant, and irrelevant dimen- 
sions presented, as well as the number 
of values selected along the relevant 
and irrelevant dimensions. <A fixed 
dimension is exemplified by but one 
value along the dimension for all 
of the members of the set of initiating 
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Fic. 1. One-stage paradigm of relation- 
ships involving initiating stimuli which are 
combinations of two values, x1, x2 along an 
X dimension and two values, yi, y2 along a Y 
dimension. (The differential terminating 
responses R,,, Ri are to x1, x2, while 
Ry,, Ry, are to y1, yx The X dimension 
might be color with values of red, x:, and 
blue, x2, and the Y dimension might be size 
with values of small, y:, or large, y2.) 


stimuli. For the stimuli shown in 
Figure 1, form, dimensionality, num- 
ber of forms, and location of the forms 
on the presentation cards might be the 
same for each of the four initiating 
stimuli. They are among the fixed 
dimensions of those stimuli. 

Should the task be to respond on the 
basis of red or blue, disregarding size, 
or to respond on the basis of small and 
large, disregarding color, the relevant 
dimensions would be color and size, 
respectively. More generally, the 
dimensions of the combinations of 
values to which discriminative re- 
sponses are to be conditioned are the 
relevant dimensions. Irrelevant dimen- 
sions are those which, in the formation 
of some particular concept (s), involve 
values which must be disregarded. 
Such dimensions—or, more precisely, 
the values along such dimensions— 
may be completely or incompletely 
orthogonal with respect to combina- 
tions of values along the relevant 
dimensions.° 


5As is suggested by the overlap of the 
terminology employed here and that employed 
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Once the component associations of 
particular patterns of relationships, 
such as those in Figure 1, are at a 
given level of strength, changes may 
occur either singly or jointly, in the 
initiating stimuli, the terminating 
responses, and the stimulus-response 
relationships. Such changes are im- 
portant, because they are the bases 
for concept generalization and for 
reversal and nonreversal shifts. 

The initiating stimuli can be 
changed by adding or shifting to new 
values along the original dimensions 
of the stimuli, or by adding or sub- 
tracting dimensions and values along 
those dimensions. The degree of 
occurrence of previously learned differ- 
ential responses to altered sets of 
stimuli is the measure of concept 
generalization. Except where concept 
generalization has been used as a 
criterion of concept formation (e.g., 
Heidbreder, 1946a, 1946b), however, 
this phenomenon has not been of great 
experimental interest. For this rea- 
son, to elaborate on concept general- 
iztaion here is considered premature. 

Both the initiating stimuli and the 
terminating responses can remain the 
same, but their relationships, or the 
relevant and _ irrelevant 
and values, can be changed by reversal 
or nonreversal shifts. The effects of 
such shifts on conceptual behaviors, 
and explanations of those effects, 
have been among the major concerns 
of many recent studies of concept 
formation (e.g., Kendler & Kendler, 
1959). It is important, therefore, to 
describe reversal and nonreversal shifts 
within one-stage paradigms for this 
type of initiating stimuli. Also, such 
description is prerequisite to the sub- 


dimensions 


in classifying analysis of variance designs 
(e.g., Federer, 1955), such designs provide 
models ol some of the many possible relation- 
ships between terminating responses and sets 
of initiating stimuli which are combinations 
of values along dimensions 
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sequent analysis of the role of verbal 
mediating responses and stimuli in 
reversal and nonreversal shifts. 

With reversal shifts the values or 
combinations of values to which 
differential responses are learned re- 
main the same, but the responses to 
values or combinations of values are 
interchanged. In Figure 1, for ex- 
ample, R., might be shifted from 
Sep, 220 Sos, 00 Soe, O00 Sue, : and 
R,, would become the reinforced re- 
sponse to S,,,, and S,,,, instead of to 
S..y, and S,,,,. Specifically, the re- 
sponse to red-small and red-large 
would be shifted to blue-small and 
blue-large, and the response to blue- 
small and blue-large would be made 
to red-small and red-large. 

A complete nonreversal shift en- 
tails a change from differential pair- 
ings of responses with combinations 
of values along one or more dimen- 
sions to differential pairings of those 
responses with combinations of values 
along one or more entirely different 
dimensions. Thus, the pattern of 
relationships in Figure 1 might be 
changed from responding in terms of 
x, and x2 along X, disregarding y, and 
y2 along Y, to responding differen- 
tially to y; and ye, disregarding x; and 
x2. Only the relationships of the two 
responses to the initiating stimuli and 
not the responses themselves are 
changed. The relationship between 
Sz.y, (red-small) and R,, would re- 
main the same but that response 
would be changed from S,,,, (red- 
large) to S,,y, (blue-small). The rela- 
tionship between S,,,, (blue-large) 
and R,-, would remain the same but 
that response would be changed from 
S:,y», (blue-small) to S,,,, (red-large). 

New terminating responses can be 
introduced. Should the old and the 
new responses have the same topog- 
raphy and, because of time limitations 
imposed by the task, be prohibited 
from occurring in sequence, the old 
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responses must be inhibited for the 
new responses to occur. Such a state 
of affairs has been described as a 
condition, if not the optimum condi- 
tion, for megative transfer. What 
results is simply a shift from one 
one-stage paradigm to another one- 
stage paradigm. But if the old and 
new responses do not interfere with 
each other (have separate topog- 
raphies or can occur in sequence), the 
old responses may not drop out but 
instead constitute relatively stable 
links—mediating responses and stim- 
uli—between initiating stimuli and 
the new terminating responses. Thus, 
a two-stage paradigm would have 
emerged. This is, of course, the 
sequence of events which has been 
presumed in investigations of the 
effect of verbal pretraining on subse- 
quent conceptual sorting and naming 
(e.g., Fenn & Goss, 1957). 

Despite the usefulness and greater 
simplicity of one-stage paradigms, 
there are considerations which suggest 
that such paradigms are less adequate 
than two-stage paradigms for explana- 
tion and prediction of the conceptual 
behavior of verbal humans in many 
concept formation tasks and even, 
perhaps, of some of the conceptual 
behaviors of infrahuman organisms 
and nonverbal humans. These con- 
siderations include: (a) observations 
of positive transfer from verbal pre- 
training to subsequent conceptual 
sorting or naming and of facilitation 
due to instructions or instruction 
induced sets (Carey & Goss, 1957; 
Fenn & Goss, 1957; Gelfand, 1958; 
Goss & Moylan, 1958; Hunter & 
Ranken, 1956; Lacey & Goss, 1959), 
(b) the relatively greater ease of re- 
versal than of nonreversal shifts for 
human adults (Buss, 1956; Gorma- 
zano & Grant, 1958, Harrow & 
Friedman, 1958; Kendler & D’Amato, 
1955; Kendler & Mayzner, 1956) and 
for children who are fast learners 
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(Kendler & Kendler, 1959) in contrast 
to the superiority of nonreversal 
shifts for animals (Kelleher, 1956) 
and for children who are slow learners 
(Kendler & Kendler, 1959), and (c) 
verbal humans’ reports of the occur- 
rence and use of names for dimensions 
and values of stimuli in the conceptual 
sorting of stimuli (e.g., Lacey & Goss 
1959). An additional consideration 
rests primarily on the results of 
studies employing the third type of 
sets of stimuli (e.g., Reed, 1946). 
Without the postulation of common 
verbal or other responses to subsets 
of stimuli whose members are highly 
dissimilar physically, generalization 
of a common terminating response 
from one stimulus of a subset to other 
stimuli of the subset would be pre- 
cluded. Each of the associations 
between initiating stimuli and termi- 
nating responses would have to be 
strengthened separately, with a con- 
sequent increase in difficulty of mas- 
tering the task. 

Two-stage paradigms. Shown in 
Figure 2 are some of the possible 
stimulus-response relationships in a 
two-stage expansion of the one-stage 
paradigm presented in Figure 1. 
The four subsets of these relation- 
ships which should be distinguished 
are those: between initiating stimuli 
and mediating responses; between 
mediating stimuli and mediating re- 
sponses or, more simply, between 
mediating responses; between medi- 
ating stimuli and_ terminating re- 
sponses ; and between initiating stimuli 
and terminating responses. 

Within the first of these subsets 
of relationships, variations in the 
strength of two subpatterns of rela- 
tionships between initiating stimuli 
and mediating responses may have 
somewhat different effects on concep- 
tual behaviors. The first subpattern 
represents relationships in which re- 
sponses of naming the dimensions 
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Fic. 2 Two-stage paradigm of some 
of the relationships possible between ini- 


mediating responses, 
between mediating stimuli and mediating 
responses, between mediating stimuli and 
terminating responses, and between initiating 
stimuli and terminating responses. (In 
order to simplify the possible relationships of 
the diagram, relationships involving com- 


tiating stimuli and 


pound mediating responses for dimensions and 
compound mediating values 
along dimensions are listed separately. The 
mediating responses might be differential with 
respect to x1, x2 along the X dimension or to 


y1, ¥2 along the Y dimension which is also 


responses for 


the case for the terminating responses.) 


the. associations 
between the initiating stimuli and 
Ry. The second subpattern 
represents responses of naming the 
specific values along the dimensions. 
The responses of these associations are 
R,, for x; R., for x2; Ry, for y.:; and 
R,, for ys. 

When the between 
mediating stimuli and mediating re- 
sponses are added, variations in the 


occur. These are 


Rx, 


relationships 
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strengths of three more subpatterns 
of relationships can be distinguished. 
The first of these subpatterns is 
sequences of responses of naming the 
dimensions. These appear in the 
lower half of Figure 2 under ‘‘Dimen- 
sions’ as RxS, RyS and RyS, RxS. 
The second subpattern is sequences 
of responses of naming values along 
dimensions. The eight sequences of 
combinations and orders of two of 
such responses are shown in the lower 
half of Figure 2 under ‘Values.’ 
The third of these subpatterns is 
sequences of responses of naming both 
dimensions and values along dimen- 
sions. For example, combining one 
of the two responses of naming a 
dimension with one of the four re- 
sponses of naming a value would 
generate 16 permutations of a par- 
ticular dimension response with a 
particular value response. 

Variation in the strength of each 
of these five subpatterns of relation- 
ships between initiating stimuli and 
mediating responses might have some- 
what different effects on the direction 
and degree of: extralist response 
interference with both mediating re- 
sponses and terminating responses, 
trial-to-trial variability of the stimu- 
lus patterns immediately prior to the 
terminating responses, response-medi- 
ated similarity, and response-medi- 
ated dissimilarity. In turn, these 
conditions should influence direction 
and degree of transfer to acquisition 
of associations between initiating stim- 
uli and terminating responses. Table 
1 summarizes assumptions about the 
effects of each of the first four sub- 
patterns on extralist response inter- 
ference, trial-to-trial variability of 
stimulus patterns, response-mediated 
similarity, and response-mediated dis- 
similarity. Table 1 also indicates 
whether these four consequences of 
each of the four subpatterns con- 
sidered separately are expected to be 
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facilitative (+), inhibitory (—), or 
neutral with respect to the formation 
of particular concepts. At present 
there is no way of combining the 
separate presumed facilitative, inhibi- 
tory, or neutral effects into a net 
facilitative, inhibitory, or neutral 
effect. 

Except where precluded by prior 
training in the experimental situation, 
by selection on the basis of associa- 
tions to the same or similar sets of 
initiating stimuli, or by instructions, 
each of these four subpatterns might 
occur both within trials and in suc- 
cessive trials during a good part of 
the course of acquiring associations 
between the initiating stimuli and the 
terminating responses. Their relative 
strengths at any point in learning 
and, therefore, their effects on acqui- 
sition of initiating stimulus-terminat- 
ing response associations—will be 
contingent on factors which include 
the following: their initial relative 


strengths, the values or combinations 
of values along one or more dimen- 
sions to which the differential termi- 
nating responses are being strength- 
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ened, time permitted to make the 
terminating responses, and degree of 
mastery of the terminating responses. 

The fifth subpattern, which in- 
volves sequences of mediating re- 
sponses of naming the dimension and 
of naming values along the dimension, 
may also influence acquisition of 
terminating responses. For example, 
fairly strong bidirectional associations 
might exist or be established between 
RxS and R,,, R:,, and between RyS 
and R,,, R,,. Should Ry be stronger 
than Ry, R,, and R,, would occur and 
be available for mediating discrimina- 
tive terminating responses to S,,,,, 
S.,,, and to S,,y,, Sz», rather than to 
Sos: Sees O00 Baw. San COn- 
tingent on the relationships between 
initiating stimuli and _ terminating 
responses which were being differen- 
tially reinforced, facilitation or inhibi- 
tion of these associations might be 
occasioned. 

The remaining two subsets of rela- 
tionships, those between mediating 
stimuli and terminating responses and 
those between initiating stimuli and 
terminating responses, are of primary 


TABLE 1 


SPECIFIC PATTERNS OF STIMULUS-RESPONSE RELATIONSHIPS 


Extralist 
Response 
Interference 


Stimulus 
Variability 


Specific Patterns 
Involving 


Dimensions: 
» Ry Reduce (+) 
RyRy, RyRy | Reduce (+) 
Values along single | 
dimensions 
Ra, Ree 


Reduce (+) 
Reduce (+) 


Reduce (+) Reduce 


Ry, Rye Reduce (+) Reduce (+4 


Combinations of 
values along 
dimensions: 

R2,Ry;, Ry, Re, 


etc. 


Reduce (+) to | 
Increase (--) | 


Reduce (+) to 
Increase (—) 


Note. 
or inhibitory (—) consequences. 


| 
Increase 


Response-Mediated 


Response-Mediated 
i Dissimilarity 


Similarity 


(—) 
Increase ( —) 


| Decrease (—) 
Decrease (—) 


Increase for Sziy;, Szywe Increase for Sz, Srye 
and for Srey, Srove relation to Sra, 

(+ for Re, Rey and (+ for Re, r’s 
— for Ry’,. Res) | — for Ry, Ry») 
Increase for Sy,2;, Syre Increase for Sy,2;, Syre 
and for Sy, relation to Syoz;, 

(+ for Ry’,, Ry’, and | (+ for Ry’, 
— for Rz rn Re’») — for Rz,, Re») 


Syose 


No differential effects among initiating stimuli 


The direction of these effects are shown along with whether they are expected to have facilitative (+) 
In the case of responses to values along single dimensions, whether particular 


initiating stimulus-mediating response relationships are facilitative or inhibitory is contingent on the relationships 
between initiating stimuli and terminating responses which are to be acquired. 








258 ALBERT E. Goss 
TRAINING: DIFFERENTIAL RESPONSES TRANSFER: REVERSAL 
T 
° of — RR 
Ae 
eS, a” 
$s < x 
ny R 
1 x, SR Sxoy, P-. 
Ss, ' 
i%2 Ss Rw! 
. *2%2 x58 "2 
— NONREVERSAL 
*2Yo R.' S$, =~ —R 
‘. 
INITIATING MEDIATING TERMINATING Se 7 S—> Ry, (FORMERLY Ry: ) 
STIMULI RESPONSES RESPONSES s > : 
“21 ~D>Rys> eR, 
AND Me 2 se "y'2 (FORMERLY Ry) 
STIMULI Ss - alt 2 
Xo¥o*-— =a Ry Ss 
2 
INITIATING MEDIATING TERMINATING 
STIMUL! RESPONSES RESPONSES 
ANO 
ESTABLISHED ASSOCIATION STIMULI 
—— ——REVERSED ASSOCIATION 
—— ——STRENGTHENED ASSOCIATION 
——-—--WEAKENED ASSOCIATION 
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Szivg and Sy..y,, Sova, respectively, after whose strengthening to some criterion level, 


reversal and nonreversal shifts are made. 


(As shown in the two paradigms for transfer, a 


reversal shift requires changes in only 6 associations, while a nonreversal shift may affect up to 
14 associations. The terminating responses remain the same with respect to general topography 
and specific form—only the stimulus-response relationships into which they enter are altered. 
Ry, and R,, of the nonreversal shift are the same responses as R,, and R,’,, respectively. 
However, the subscripts were changed to indicate that differences along the Y dimension, 
¥1, Y2, are the new bases for differential responses.) 





importance here because of their 
presumed roles in reversal and non- 
reversal shifts. The upper diagram 
of Figure 3 shows the relationships 
among initiating stimuli, mediating 
responses and stimuli, and terminat- 
ing responses which might exist at 
appreciable levels of strength upon 
attainment of differential responses to 
the x, and x» values along the X 
dimension. Should there be introduc- 
tion of differential reinforcement of 
Re, 00 Sa.s,. Sever 00d Of Ro, 00 Sas,; 
S:.,, to bring about a reversal shift, 
six associations might be changed: 
the four between the initiating stimuli 
and the terminating responses, and 
the two between the mediating stimuli 
and the terminating responses. In 
contrast, 14 associations might be 
affected by ‘a nonreversal shift to the 


differential reinforcement of responses 
to the y; and ye values of Y. These 
are the four between initiating stimuli 
and R,,, R.,, which might be weak- 
ened; the four between those stimuli 
and R,,, R,,, which might be strength- 
ened; the two between S,, and S,, 
and the terminating responses which 
might be extinguished while the two 
between S,, and S,, and_ those 
responses are established and strength- 
ened; and the two associations be- 
tween initiating stimuli and terminat- 
ing responses (S,,,, and R,-,; Sz,,, and 
R.,), which must be reversed. 

If equal weights are assumed for the 
component associations of two-stage 
paradigms, and if shifting is inversely 
related to the number of associations 
which must or may have to be changed, 
reversal shifts should be accomplished 
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more rapidly than nonreversal shifts. 
Within one-stage paradigms, reversal 
shifts will affect more associations and 
therefore be more difficult than non- 
reversal shifts. Thus, as Kendler and 
his associates (Kendler & D’Amato, 
1955) have suggested, but without 
detailed development of the basis for 
this proposal, one-stage and _ two- 
stage paradigms generate opposing 
predictions about the relative ease of 
reversal and nonreversal shifts. 

In general, as the number of dimen- 
sions and values increases, the number 
of associations involved in nonreversal 
shifts becomes increasingly greater 
than the number altered by reversal 
shifts. Other factors equal, therefore, 
with greater numbers of dimensions 
and values, the relative disadvantage 
of nonreversal shifts should become 
greater. Other factors, however, are 
not likely to be equal. As Buss (1956) 
has noted, with nonreversal shifts 


responses on the basis of the pre- 


viously reinforced values along the no- 


longer-relevant dimension continue to 
be reinforced on 50% of the trials. 
The weakening of such differential 
responses will, therefore, be retarded, 
and will further contribute to the 
disadvantage of nonreversal shifts. 
But four additional conditions may 
serve to reduce the relative dis- 
advantage of nonreversal shifts. 
First, once some of the initiating 
stimuli begin to elicit the new mediat- 
ing responses, when other initiating 
stimuli are presented these mediating 
responses should generalize exten- 
sively among those stimuli. One 
basis of such generalization would be 
the presence of stimuli common to 
each trial: i.e., those arising from the 
experimental situation, from postural 
and receptor-orienting responses, and 
from responses to instructions other 
than those aspects referring to more 
specific associations between initiating 
stimuli and mediating responses. 
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Second, because each of the values 
along the new dimension of the non- 
reversal shift is an element common to 
a subset of stimuli, the new mediating 
response for a subset of initiating 
stimuli should generalize among the 
members of the subset. Simultane- 
ously, of course, the same two condi- 
tions should result in the generaliza- 
tion of inhibition of the relationships 
between initiating stimuli and the 
old mediating responses. 

Third, though not included in the 
paradigms of Figure 3, the response 
Rx, which represents the response of 
naming the X dimension, might be 
replaced by the comparable response, 
Ry, for the Y dimension. The in- 
creased frequencies of occurrence of 
stimuli produced by R,, and R,,, 
which are presumably already asso- 
ciated with Ry, would be the bases 
of the initial evocations of Ry. Be- 
cause Ry is only one response, how- 
ever, its strengthening and general- 
ization among the initiating stimuli 
should be even faster and more exten- 
sive than the strengthening and 
generalization of R,, and R,,. There- 
fore, Ry should begin to occur first 
and, because of the pre-established 
associations between the stimuli it 
produced and R,, and R,,, their 
probabilities of occurrence relative to 
R,, and R,, should be _ increased 
markedly. 

Fourth, successive reversal or non- 
reversal shifts should increase the 
probabilities of occurrence of mediat- 
ing responses referring to a change in 
task. With successive reversal and 
nonreversal shifts, number of trials 
to learn the new concepts of each 
shift usually decreases. Some of this 
increasingly more rapid formation of 
new concepts is probably due in part 
to warm up or performance set in the 
form of familiarization with mode and 
rate of presentation of the initiating 
stimuli. Such familiarization should 
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TERMINATING 
RESPONSES 


INITIATING 

STIMULI 

Fic. 4. One-stage paradigm of relation- 
ships between nonsense syllable terminating 
responses and initiating stimuli which con- 
sist of two different common elements each 
of which is accompanied by features which 
differ from figure to figure. 


irrelevant competing re- 
well as lead to greater 
stability of postural and receptor- 
orienting responses to thus assure 
more effective reception of the initiat- 
ing stimuli and lower the variability 
of response- produced stimuli. Also, 
with experience, subjects should learn 
to recognize with greater confidence 
and greater accuracy that they have 
reached perfect or near perfect per- 
formance of discriminative responses 
to some subsets of stimuli. Conse- 
quently, any error then made would 
serve as a cue that the experimenter 
has shifted the concepts rather than 
the concepts have not yet been 
learned. Further, subjects will be 
increasingly familiar with whether the 
shifts are reversal or nonreversal shifts 
and, if the latter, with how many 
dimensions have probably been shifted 
and even to what dimensions the shifts 
have probably made. Thus, 
mediating responses of the form 
“He’s changed the task’”’ or ‘‘Some- 
thing has changed” should come to 
control whole sets of further mediating 
responses which name dimensions and 
values along dimensions. These four 
conditions should reduce the net dis- 
advantage of nonreversal to reversal 
shifts to margins which are much less 
than those suggested by simply count- 
ing the numbers of equally weighted 


eliminate 
sponses as 


been 


associations which such shifts might 
affect. 


Common Elements or Relations 


One-stage paradigms. Figure 4 is a 
one-stage paradigm for concept forma- 
tion with sets of stimuli, such as those 
constructed by Hull (1920), in which 
each subset requiring a common re- 
sponse consists of a common element 
accompanied by other features which 
vary unsystematically from instance 
to instance. Furthermore, the com- 
mon elements are neither completely 
nor incompletely orthogonal combina- 
tions of values along one or more dis- 
cernible physical or psychophysical 


dimensions. If common “relations” 


among the parts of complex forms are 
regarded as separable from the fea- 
tures which vary among instances ex- 
emplifying the same relation, Smoke’s 
(1932) set of initiating stimuli and 
other sets that resemble his can also 
be represented by this paradigm. 


Two-stage paradigms. The _ two- 
stage paradigm for the second type 
of initiating stimuli is shown in 
Figure 5. The letters or word sub- 
scripts of the mediating responses are 


<<; o>, 
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Rgnwaxes > 
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MEDIATING 


—s 
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AND STIMULI 


Rrwo curves § 


RESPONSES TERMINATING 
RESPONSES 


INITIATING 
STIMULI 
Fig. 5. Two-stage paradigm of the rela- 

tionships possible between initiating stimuli, 
which consist of two different common 
elements and variable features, and both 
mediating and terminating responses and 
also between mediating stimuli and terminat- 
ing responses. 
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possible specific pre-established medi- 
ating responses to the indicated ini- 


tiating stimuli. Worth noting, be- 
cause of their predictive consequences, 
are three major differences between 
this paradigm and the two-stage para- 
digm for sets of stimuli composed of 
combinations of values along dimen- 
sions shown in Figure 2. 

First, no responses of naming the 
component dimensions are present. 
However, should the common ele- 
ments of two or more subsets be at 
the same spatial position, responses 
of orienting-toward and naming that 
position might occur and be strength- 
ened. Although such responses and 
the stimuli they produce would be 
nondifferential with respect to the 
relationships between initiating stim- 
uli and terminating responses, their 
occurrence might reduce extralist 
intrusions and stimulus variability as 
well as assure more frequent reception 
of the elements which distinguish one 
subset of figures from another. 

Second, both the common element 
of members of a subset and the vari- 
able features of those members are 
likely to be made up of a fairly large 
number of discriminable features, each 
of which elicits naming responses. 
If the common element or relation 
which defines a particular subset of 
stimuli does elicit some response which 
is the same for all members of the 
subset, that response to each member 
is likely to have considerable competi- 
tion from the responses to other parts 
of the common element as well as from 
responses to the variable features of 
each member. Such responses and 
the further responses which they may 
evoke may interfere, not only with 
any common mediating response to all 
stimuli of a subset, but also with the 
terminating response for that subset. 
Further, few, if any, pre-established 
stable patterns of associations among 
mediating responses might exist. Such 
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conditions should also foster high trial- 
to-trial stimulus variability. 

Third, the variable features of 
stimuli with a given common element 
or relation may have little or no 
physical similarity to those features 
of the other subsets of stimuli with 
common elements. And, as already 
suggested, the naming responses 
evoked by one subset may have little 
overlap with those evoked by the 
other subsets. While reversal shifts 
could be instituted, such character- 
istics of the stimuli would severely 
limit or obviate nonreversal shifts. 


Elicitation of Common Responses 


One-stage paradigms. The third 
kind of stimuli are those whose sub- 
sets are distinguished from each other 
on the basis of their members’ elicita- 
tion of some common response that 
differs from the common responses 
defining each of the other subsets. 
Figure 6 is a one-stage paradigm and 
Figure 7 is a two-stage paradigm of 
the stimulus-response relationships 
presumed to be involved in the forma- 
tion of concepts with such stimuli. 

In the one-stage paradigm, in- 
creased frequency of arousal of each 
one of the common terminating re- 
sponses by the stimuli of the subset 
is viewed as strengthening of the 
concept. The stronger the initial 
associations between the stimuli of 
subsets and their terminating re- 
sponse, and the higher the variance 
of those associations, the more rapid 
the formation of concepts (Freedman 
& Mednick, 1958; Underwood & 
Richardson, 1956). The limiting case 
of the formation of such concepts is 
the acquisition, from zero levels of 
initial strength, of common responses 
which have each been assigned to a 
different subset of physically dissimi- 
lar stimuli. 

Two-stage paradigms. The mediat- 
ing responses of the two-stage para- 
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ships between subsets of initiating stimuli 
each of whieh is defined by elicitation of a 
common terminating response by the stimuli. 
(The words used are, from Underwood and 
Richardson’s—1956—first list and are of 
three levels of dominance with respect to 
their elicitation of the terminating responses.) 


digm (Figure 7) are those which 
define each of the subsets of initiating 
stimuli. In general, though not 
necessarily, the associations between 
initiating stimuli and terminating re- 
sponses would be at zero levels 
initially, as would those between 
mediating stimuli and those responses. 
To the degree that each stimulus of a 
subset elicits the common mediating 
response, there will be a response- 
mediated increase in the similarity of 
those largely dissimilar stimuli; and, 
once the mediating stimulus is asso- 
ciated with the terminating response, 
acquisition of the concept should be 
facilitated by response-mediated gen- 
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eralization. Griffith and Spitz (1958) 
and Griffith, Spitz, and Lipman 
(1959) obtained direct relationships 
between correct abstractions made by 
normal and mentally retarded children 
and number of words defined by the 
same possible common abstractions. 
From these relationships they inferred 
that the common definition mediated 
the common abstractions. 

The presence of different mediating 
response-produced stimuli, each asso- 
ciated with a different terminating 


response, might also increase the 
response-mediated dissimilarity and 
discrimination of stimuli which are 


members of different subsets (Fenn 
& Goss, 1957). Such an increase 
would counteract any generalization 
of terminating responses among sub- 
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ships possible between subsets of initiating 
stimuli defined by the elicitation of common 
responses which now function as mediating 
responses and stimuli in the acquisition of 
new associations between each of the sub- 
sets of initiating stimuli and their common 
nonsense syllable terminating responses. 
(The mediating responses should increase the 
similarity of stimuli within subsets and de- 
crease the similarity of stimuli of each subset 
to those of the other subsets.) 
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sets due to fortuitous physical re- 
semblances among stimuli belonging 
to different response-defined subsets. 

The relationships between initiating 
stimuli and terminating responses 
which are to be strengthened need not 
be isomorphic with the relationships 
between initiating stimuli and medi- 
ating responses. With increasing 
departures from isomorphism, the 
acquisition of terminating responses 
might be retarded, possibly to a 
degree sufficient to produce some 
negative transfer. Because the medi- 
ating responses might also reduce 
extralist response interference and 
stimulus variability, however, the net 
transfer might still be positive. 

If each of the initiating stimuli 
belongs to two or more response- 
defined subsets, each stimulus would 
be expected to evoke two or more 
different mediating responses, at least 
during the initial trials. Unless each 
terminating response is then iso- 
morphic with the two or more re- 
sponses defining each of the other 
combinations of subsets, multiple 
mediating responses to initiating stim- 
uli can be expected to increase general- 
ization among subsets; thus some 
retardation of the learning of termi- 
nating responses would be occasioned. 
Because of greater trial-to-trial vari- 
ability in stimulation preceding termi- 
nating responses, multiple mediating 
responses to initiating stimuli may 
always produce some retardation rela- 
tive to the maximum positive transfer 
that is achievable with a single medi- 
ating response to each initiating 
stimulus. 


Use of Two-Stage Paradigms 


Each of the preceding two-stage 
paradigms represents a different gen- 
eral case of relationships among the 
particular type of sets of initiating 
stimuli, mediating responses and stim- 
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uli, and terminating responses. The 
members of each of these types of 
sets of initiating stimuli may differ 
with respect to their complexity, 
their similarity and other properties, 
their number, and their probabilities 
of occurrence (Goss, 1955). Thus, it 
should be obvious that each particular 
concept formation task and its at- 
tendant conditions requires detailed 
analysis in terms of presumed stimu- 
lus-response elements and initial rela- 
tionships among these elements, and 
also in terms of the changes in those 
elements and relationships which are 
expected to occur. The nature and 
strengths of both initial and changed 
relationships should be expressed as 
completely and precisely as possible. 
Association techniques or training 
controlled by the experimenter are the 
means of specifying the strengths of 
initial relationships. It should also 
be remembered that—except when 
isolated and controlled—changes in 
many or all of the stimulus-response 
relationships present probably occur, 
if not simultaneously, within rather 
small blocks of trials. 

Finally, some subjects who have 
formed concepts correctly may not 
provide verbal reports of the bases 
for their conceptual behaviors which 
correspond to experimenters’ specifi- 
cations of the bases for forming par- 
ticular concepts. When verbal medi- 
ating responses do not occur, or occur 
only partially, sporadically, or during 
the earlier phases of concept forma- 
tion, appropriate verbal reports would 
not be expected. Should the words 
which constitute subjects’ mediating 
responses differ from the labels pre- 
ferred by experimenters, subjects’ re- 
ports might be considered wrong 
or incomplete. Further, during the 
course of acquisition the sets of 
verbal mediating responses may have 
changed. Should subjects have failed 
to distinguish such changes or to 
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indicate when they took place, their 
reports would seem inaccurate and 
confused. In addition, if subjects 
described the terminating responses 
or both mediating and terminating 
responses as bases for their conceptual 
behaviors, while experimenters’ speci- 
fications were only in terms of verbal 
mediating responses, subjects’ verbal 
reports would unsatisfactory. 
This would also be the case were the 
subjects’ mediating responses non- 
verbal. 

Differences between the labels used 
by subjects and those preferred by 
experimenters can only be determined 
by careful, detailed analyses of the 
labeling habits of subjects from a 
given population. Confusions be- 
tween mediating and_ terminating 
responses can be minimized by ascer- 
taining the temporal sequences of 
subjects’ responses. Only by careful 
observation of locomotor-manipula- 
tive responses (and even this may be 
inadequate) will it 
determine the presence of nonverbal 
mediating responses. 


seem 


be possible to 


“ABSTRACT SET OR 

ATTITUDE,” ““HYPOTHESES,’” AND 

“STRATEGIES” IN THE FRAME- 
WORK OF THIS ANALYSIS 


PLACE OF 


“Abstract set or attitude’’ (Gold- 
stein & Scheerer, 1941; Hanfmann & 
Kasinin, 1942), “‘hypotheses’’ (Wood- 
worth, 1958), and “‘strategies’”’ (Bru- 
ner, Goodnow, & Austin, 1956) are 
terms frequently used to label some 
aspects of the behavior involved in 
acquiring concepts as well as to ex- 
plain success or failure in this process. 
Unfortunately, these notions have 
certain features that limit both their 
experimental usefulness and _ their 
explanatory power. In general, their 
presence or absence is ordinarily de- 
termined on the basis of characteristics 
of the conceptual behaviors observed. 
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Thus, they are post hoc descriptions 
which usually cannot be used predic- 
tively. Often, too, the notions are 
treated as primary or sole explana- 
tions of conceptual behavior when, 
in fact, other factors—such as types 
of sets of initiating stimuli, specific 
attributes of each type of stimuli, and 
amount and conditions of practice— 
appear to be of equal or greater im- 
portance. And, on the whole, the 
relationship of these terms to more 
general theories of behavior is tenu- 
ous at best. 

In the face of such shortcomings, 
one course for a stimulus-response 
analysis of concept formation con- 
sists of ignoring the terms entirely. 
Another course, followed here, is to 
attempt to assimilate what is mean- 
ingful and useful about the terms 
within the rather rigorous framework 
that this paper has presented. More 
specifically, it is suggested that the 
most meaningful and useful aspects 
of such notions as abstract set or 
attitude, hypotheses, and strategies 
are in part already present in this 
analysis, and that what is valuable 
but not present requires only certain 
translations in order to be assimilated. 
These aspects are considered below 
under the following headings: verbal 
mediating responses and _ stimuli, 
strengths of reactions to occurrences 
and extent of reversal or nonreversal 
shifts, sequences in which verbal 
mediating responses occur on single 
and successive trials, sequences of 
receptor-orienting responses, and prior 
habits and persistence of covert or 
overt verbalization and rehearsal. 
Verbal and 
Stimuli 


Mediating Responses 


Following Fenn and Goss (1957), 
perhaps the simplest as well as the 
most common meaning of abstract set 
or attitude and hypotheses in concept 
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formation is, conceived narrowly, the 
occurrence of verbal mediating re- 
sponses and stimuli. Conceived more 
broadly, this meaning subsumes the 
largely pre-experimentally established 
patterns of relationships: (a) between 
initiating stimuli and mediating re- 
sponses, where the latter are names 
for dimensions and values as well as 
for common elements or variable fea- 
tures, or where they are common 
responses or meanings that define 
subsets of initiating stimuli; (0) be- 
tween such mediating responses and 
other mediating responses; and (c) 
between such mediating responses and 
terminating responses. The first part 
of this section on paradigms was 
largely devoted to an analysis of the 
role of these patterns of relationships 
in concept formation. The functional 
significance for concept formation of 
this meaning of abstract set or atti- 
tude and hypotheses has, therefore, 
already been considered. 


Reactions to Shifts 


Also considered earlier were mediat- 
ing responses that identify shifts in 
the task. Such responses, it was sug- 
gested, should increase in strength 
with successive reversal or nonre- 
versal shifts and thus mediate changes 
in whole sets of further mediating 
responses which name dimensions and 
values along dimensions. These 
changes might be called shifts in 
hypotheses or strategies. And their 
occurrence could be taken as evidence 
of the presence of an abstract set or 
attitude. 


Sequences in Which Verbal Mediating 
Responses Occur 


Bruner, Goodnow, and _ Austin 
(1956, pp. 81-103, 126-147) have sug- 
gested that conditions of presentation 
of initiating stimuli influence trial-to- 
trial sequences of choice and “‘guess’’ 


oA) 


responses. Thus, when subjects could 
select each successive initiating stimu- 
lus, the four sequences or strategies 
which were distinguished logically 
were simultaneous scanning, succes- 
sive scanning, conservative focusing, 
and focus gambling. When the suc- 
cessive occurrences of initiating stim- 
uli were controlled by the experi- 
menter, they distinguished wholist 
(whole, focusing) and part-scanning 
(part) strategies or sequences. Under 
the condition of presentation in which 
subjects could select each successive in- 
itiating stimulus, the responses which 
were recorded were terminating re- 
sponses, first in the form of a choice 
and then as a guess. Presumably 
these choices and guesses .were pre- 
ceded, most immediately, by mediat- 
ing responses consisting of names for 
the combinations of values of the 
stimulus selected and the names of the 
consequent guess of the correct con- 
cept. Therefore, the sequences or 
strategies they distinguished, and 
which were found to occur to some 
degree in various subjects, could be 
regarded as providing some informa- 
tion about sequences of mediating 
responses through successive selec- 
tions of stimuli. Under the condition 
of presentation in which the experi- 
menter determined each successive 
initiating stimulus, each hypothesis 
written during the 10-second period 
following each initiating stimulus 
could be regarded as congruent with 
the just preceding mediating response. 
The sequences of such hypotheses, 
therefore, probably reflected trial-to- 
trial sequences of the last mediating 
response of each trial. No informa- 
tion about intratrial sequences was 
reported. 

The two-stage paradigms of the 
first part of this section show each 
initiating stimulus as eliciting only 
one mediating response which is 
either the name for a dimension or 
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value along a dimension, or a single 
combination of names for dimensions 
or values. Contingent on both the 
time subjects have to respond and on 
subjects’ prior experiences with the 
same or similar stimuli, each initiating 
stimulus may elicit not one name or 
combination of names, but a sequence 
of names or combinations of names. 
For example, the subject might re- 
spond to a particular initiating stimu- 
lus with the sequence “red, small, 
color, size,” in which ‘“‘size’’ was the 
last response to occur prior to the ap- 
pearance of the stimulus eliciting the 
terminating response to be condi- 
tioned to the initiating stimulus. Be- 
cause of the shorter time interval, the 
terminating response might be more 
strongly conditioned to stimuli pro- 
duced by size than to. stimuli 
produced by the earlier mediating 
responses. More generally, should 
terminating responses be most strongly 
conditioned to stimuli produced by 
mediating responses which occurred 
just prior to elicitation of the termi- 
nating responses, the sequences with 
which mediating responses occur and 
whether those responses are names of 
values or of dimensions might have 
marked effects on concept formation. 

Whether the effects are facilitative 
or inhibitory will be contingent on 
particular conditions. Thus, were 
size the relevant dimension and large 
and small the two values along that 
dimension, the sequence “color, red 
(or blue), large (or small)” 
should produce greater facilitation 
than the sequence “size, large (or 
small), color, red (or blue).’’ Simi- 
larly, sequences in which the last 
mediating responses were names for 
common elements of the initiating 
stimuli rather than names for their 
variable features should facilitate 
acquisition of different terminating 
responses to each subset of initiating 
stimuli with common features.  In- 


size, 
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hibitory consequences would be pre- 
dicted for sequences ending with 
mediating responses which were names 
for variable features rather than for 
common elements. Also, occurrence 
of the common response to a subset 
of initiating word stimuli, after more 
specific associations to those words 
rather than before such associations, 
should facilitate; the opposite se- 
quence should inhibit. 

A further consideration would be 
whether the same sequence or differ- 
ent sequences of mediating responses 
occurred on each presentation of each 
initiating stimulus or of each member 
of particular subsets of initiating 
stimuli. With the sequence, ‘color, 
red (or blue), size, large (or small),”’ 
for example, constancy of the sequence 
should be most facilitative, were size 
the relevant dimension, and most 
inhibitory, were color the relevant 
dimension. A reduction in the per- 
centage of times “size, large (or 
small)’’ occurred last, and a concomi- 
tant increase in the percentage of 
times “‘color, red (or blue)’’ occurred 
last, should be relatively less facilita- 
tive or less inhibitory in the formation 
of size or color concepts, respectively. 

Modes of systematic variation of 
the components of sequences and of 
the order in which the components 
occur can be learned. Therefore, 
subjects can be expected to differ in 
the degree to which they have learned 
to vary the nature and sequences of 
mediating responses through succes- 
sive trials. As a result subjects will 
not only differ with respect to the 
abstract set or attitude, hypotheses, 
and strategies with which they began 
but also with respect to those which 
are present through successive trials. 
Whether particular sequences or ways 
of varying such sequences are facilita- 
tive or inhibitory will be contingent 
on the particular concepts to be 
formed. 
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Sequences of Receptor-Orienting Re- 
sponses 


Receptor-orienting responses and 
their consequences may sometimes be 
functionally equivalent to mediating 
responses and stimuli (Goss, 1955). 
For this reason, abstract set or atti- 
tude, hypotheses, or strategies may 
also be conceived as sequences of 
receptor-orienting responses. 

When initiating stimuli which are 
relatively small in size are presented 
at the same place, one at a time, re- 
ceptor-orienting responses may be of 
little importance. Possible exceptions 
are initiating stimuli composed of 
combinations of common elements or 
relations and variable features for 
which the common element or rela- 
tion of all members of a particular 
subset have the same location. Should 
there be some favored point of initial 
fixation for individual subjects, or for 
groups of subjects, whether the com- 


mon element or relation of a particular 


subset was at that location or at 
other locations might influence ac- 
quisition of the concepts. 
Simultaneous presentation of all 
initiating stimuli or groups thereof, 
however, might increase the impor- 
tance of sequences of receptor-orient- 
ing responses. Both arrangement of 
initiating stimuli on the display, and 
the subjects’ pre-experimental and 
subsequent experimental experiences, 
should determine the particular se- 
quence of receptor-orienting responses 
on a given trial. The initial and sub- 
sequent fixation points might maxi- 
mize focusing on successive stimuli 
whose combinations of values and 
changes in those combinations were 
optimal for the formation of particular 
concepts. If so, such sequences of 
receptor-orienting responses should 
facilitate concept formation. For other 
arrangements of initiating stimuli the 
same sequences might be inhibitory. 
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Prior Habits of Verbalization, Re- 
hearsal, and Persistence Therein 


Included in Dollard and Miller’s 
(1950, pp. 118-119) set of factors in 
“social training in the use of higher 
mental processes” is “‘training to stop 
and think.” Adolescent and adult 
subjects explicitly instructed to use 
verbal mediating responses may differ 
little, if at all, in the degree to which 
such responses are activated. How- 
ever, without such explicit instruc- 
tions—and therefore largely depend- 
ent on the subjects’ past experiences 
with similar tasks—they may or may 
not stop and think: i.e., they may 
or may not make overt or covert 
verbal mediating responses prior to 
occurrences of terminating responses 
to the initiating stimuli. Further- 
more, some subjects may rehearse 
such responses between trials while 
others may think of other things; the 
latter subjects may in other words, 
fail to attend to the task continuously. 
Finally, in the face of initial failures, 
some subjects may persist in stopping 
and thinking and in rehearsing while 
other subjects may temporarily or 
permanently stop both activities. 
Up through adolescence the strengths 
of such habits should be directly re- 
lated to age. Awaiting detailed de- 
termination, however, are both the 
nature of the relationships of habits 
of verbalization and rehearsal to age 
and the effects of such habits on 
probabilities of occurrence of verbal 
mediating responses. 

In summary, conceived analytically 
rather than simply as names for cer- 
tain instructions or for certain changes 
in terminating responses, the notions 
of abstract set or attitude, hypotheses, 
and strategies apparently refer to one 
or more of the preceding classes of 
relationships among the stimuli and 
responses of concept formation tasks. 
Some of the classes of relationships 
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include mediating responses and stim- 
uli; those which do not can be ex- 
pected to have indirect effects on 
relationships that do involve mediat- 
ing responses and stimuli. 


PRINCIPLES AND PREDICTIONS 


Though referred to occasionally— 
and always assumed—in the preced- 
ing section, little direct attention has 
yet been given to the classes of vari- 
ables and of general principles involv- 
ing those variables which enter into 
explanations of the strengthening, 


generalization, and weakening of the 
stimulus-response associations entailed 


in the one- and two-stage paradigms 
that have been described. Of obvious 
relevance are the classes of principles 
that concern effects on associations 
or on performance of 
variables such as: schedules of practice 
and reinforcement-punishment, the 
number and both absolute and rela- 
tive strengths of conflicting responses, 
the number of stimuli associated with 
the same response and the strengths 
of those associations, and the degree 
of similarity among initiating stimuli 
and among mediating stimuli. Set- 
ting limits to the operation of these 
classes of variables are the patterns 
of relationships among initiating stim- 
uli, mediating responses and stimuli, 
and terminating responses and also 
conditions of stimulus presentation, 
such as whether initiating stimuli are 
presented simultaneously or succes- 
sively (Bruner et al., 1956) and 
whether they are all positive, nega- 
tive, or both positive and negative 
(Hovland, 1952; Hovland & Weiss, 
1953). 

It is not the purpose of this paper 
to make an exhaustive enumeration 
of the consequences predicted by the 
application of each class of poten- 
tially relevant variables and the prin- 
ciples involving them to the several 


classes of 
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paradigms or to the various patterns 
of relationships the paradigms con- 
tain. In order to show explicitly how 
such variables and principles may be 
profitably combined with the para- 
digms, however, this final section 
deals with certain aspects of predic- 
tions of the effects of three important 
classes of variables for which some 
data are available. These are: 
strength of associations between ini- 
tiating stimuli and mediating re- 
sponses; patterns of relationships 
among initiating stimuli, mediating 
responses and stimuli, and terminat- 
ing responses; and similarity of 
initiating stimuli. In each case, 
pertinent experimental studies are 
described.® 


Strengths of Associations between Initi- 
ating Stimuli ‘and Mediating Re- 
sponses 


The strengths of associations be- 
tween initiating stimuli and verbal 
mediating responses will be deter- 
mined by conditions of practice such 
as the number and distribution of 
trials or degree of mastery of those 
relationships prior to undertaking 
transfer or criterion tasks. In gen- 


6 Not considered, however, are those studies 
of the relative effects of reversal and non- 
reversal shifts which were noted in the first 
part of the second section. Also ignored are 
studies (Bensberg, 1958; Carey & Goss, 1957; 
Fenn & Goss, 1957; Hunter & Ranken, 1956; 
Wickens & Eckstrand, 1954) which were 
primarily demonstrations of positive transfer 
from verbal pretraining to subsequent con- 
ceptual behaviors; these demonstrations 
served as bases for inferences about the func- 
tional significance of verbal mediating re- 
sponses in conceptual behaviors. Several 
additional experiments (Attneave, 1957; 
Rhine & Silun, 1958; Shepard & Shaeffer, 
1956; Sigel, 1953, 1954; Solley & Messick, 
1957; Staats & Staats, 1957; Wulff & Stolu- 
row, 1957) have been excluded because they 
did not involve either experimentally con- 
trolled verbal pretraining or conventional 
concept formation criterion tasks. 
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eral, any condition of practice and 
reinforcement-punishment known to 
increase or the strengths 
of stimulus-response associations of 
multiunit tasks are, through their 
effects on strengths of associations 
between initiating stimuli and medi- 
ating responses, potential determi- 
nants of subsequent performance on 
transfer or criterion tasks. 

In Figures 2 and 7, the relation- 
ships between initiating stimuli and 
mediating responses, and between the 
initiating stimuli in combination with 
mediating stimuli and terminating 
responses, can be described as iso- 
morphic. Put another way, for each 
different mediating response to a 
subset of initiating stimuli, there is 
one and only one terminating re- 
sponse, each of which is different 
from the terminating response paired 
with any other mediating response. 
For such isomorphic patterns of rela- 
tionships, it is predicted that rate of 
acquisition of associations between 
initiating stimuli and terminating 
responses would be a direct function 
of strengths of associations between 
initiating stimuli and mediating re- 
sponses. Because of generalized re- 
sponses (errors of generalization, con- 
fusions, intralist intrusions), trials to 
learn associations between initiating 
stimuli and terminating responses 
should be related to trials in learning 
associations between initiating stimuli 
and mediating responses by an ogival 
function or by curves showing some 
slight initial negative transfer rather 
than being negatively accelerated 
throughout (Goss, 1955).? 

Pertinent to this prediction are two 
recent investigations (Goss & Moylan, 
1958; Lacey & Goss, 1959) of the 
relationship between transfer to con- 


decrease 


7Murdock (1958) argues that with ap- 
propriate allowance for generalization re- 
sponses, the function is negatively accelerated 
throughout. 
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ceptual behaviors and strengths of 
associations between initiating stimuli 
and presumed verbal mediating re- 
sponses. In both investigations, the 
initiating stimuli were 16 blocks, each 
of which was tall or short, black or 
white, in combination with top and 
bottom areas which were large or 
small, square or circular. In the 
Goss and Moylan study, nonsense 
syllable responses or familiar word 
responses were conditioned to subsets 
of tall-large, tall-small, short-large, 
and_ short-small initiating stimuli. 
Lacey and Goss used only nonsense 
syllable responses. The transfer task 
of both studies was sorting by height- 
size, and in both the number of 
blocks sorted by height-size was 
directly related to degree of mastery 
of associations between initiating stim- 
uli and presumed mediating responses, 
as well as to numbers of trials in 
learning those associations. Unfor- 
tunately the resultant curves were not 
adequate for more precise specifica- 
tion of functions relating direction 
and degree of transfer to degree of 
mastery of associations between initi- 
ating stimuli and mediating responses, 
or to trials in learning these associa- 
tions. 
paired-associates learning tasks (Goss, 
1955), such specifications are further 
complicated by the likelihood that the 
functions are contingent on param- 
eters such as patterns of relationships 
among initiating stimuli, mediating 


As suggested elsewhere for 


responses and stimuli, and terminat- 


8 An alternative suggestion (Lacey & Goss, 
1959) is that greater mastery of experimen- 
tally established associations between initiat- 
ing stimuli and nonsense syllable responses 
increases the likelihood of arousal of pre- 
experimentally established associations be- 
tween initiating stimuli and names for 
dimensions and values along dimensions. 
Such names might then serve as the actual 
verbal mediating responses of the transfer or 
criterion task. 
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Fic. 8. Four possible extreme patterns of 
relationships among subsets of initiating 
stimuli, mediating responses and stimuli, and 
terminating responses. 


ing responses, as well as on the degree 
of similarity of initiating stimuli. 


Patterns of Relationships 


Within two-stage paradigms, re- 
gardless of the type of sets of initiat- 
ing stimuli, it is useful to distinguish 
four extreme patterns of relationships 
among subsets of initiating stimuli, 
mediating responses and stimuli, and 
terminating responses, because each 
pattern should result in somewhat 
different conceptual behaviors in- 
volving the terminating responses. 
Figure 8 shows these four patterns. 
In Patterns A and B, the relationships 
between mediating responses and sub- 
sets of initiating stimuli are isomorphic 
with those between terminating re- 
sponses and subsets of initiating 
stimuli plus mediating stimuli. This 
isomorphism does not hold for Pat- 
terns C and D. Pattern C is char- 
acterized by a common mediating 
response to both subsets of initiating 
stimuli_and by two terminating re- 


sponses, one of which is to stimulus 
compounds consisting of stimuli from 
the first subset plus the mediating 
stimulus, and the other of which is 
to stimulus compounds consisting of 
stimuli from the second subset plus 
the mediating stimulus. Pattern D 
is characterized by a different medi- 
ating response to each subset of 
initiating stimuli, and by a common 
terminating response both to com- 
pounds consisting of the stimuli in 
the first subset plus the stimulus 
produced by the mediating response 
to those stimuli, and to compounds 
consisting of the stimuli in the second 
subset plus the stimulus produced by 
the mediating response to _ those 
stimuli. 

For concept formation tasks in- 
volving the relationships of Patterns 
A and B, prior acquisition of the asso- 
ciations between subsets of initiating 
stimuli and a common mediating 
response should facilitate acquisition 
of associations between the subsets 
of initiating stimuli and a common 
terminating response; prior acquisi- 
tion of different mediating responses 
should facilitate acquisition of associa- 
tions between initiating stimuli sub- 
sets and different terminating re- 
sponses. Greater response-mediated 
similarity and generalization is the 
basis for the prediction for Pattern A, 
and greater response-mediated dis- 
similarity and discrimination is the 
basis for the prediction for Pat- 
tern B. 

For Pattern C, in contrast, the 
greater similarity of the subsets of 
initiating stimuli (based on the pres- 
ence of a common mediating stimulus) 
should retard acquisition of a different 
terminating response to each subset. 
For Pattern D, greater dissimilarity 
of the subsets of initiating stimuli 
(based on the presence of a different 
mediating stimulus for the stimuli of 
each subset) should slow the learning 
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of a common terminating response to 
each subset. 

Lacey (1959) tested each of these 
predictions. His stimuli were eight 
line drawings of faces or houses, each 
of which was printed on pink, light 
blue, light yellow, and light green 
paper. Eight to 11 year old children 
first learned either a common or 
different nonsense syllable mediating 
response to two subsets of initiating 
stimuli. The transfer or criterion task 
was acquisition of a new set of non- 
sense syllable responses as either a 
common or different terminating re- 
sponse to those same subsets of 
initiating stimuli. Thus the relation- 
ships of terminating responses to 
initiating stimuli and to mediating 
responses and stimuli were those of 
Patterns A, B, C, or D. 

Measured against the performance 
of control groups, whose prior training 
controlled for facilitation due to warm 
up and receptor-orienting respénses, 
positive transfer was obtained with 
Patterns A and B and negative trans- 
fer occurred with Patterns C and D. 
Therefore, as predicted, the pattern 
of relationships among subsets of 
initiating stimuli, mediating responses 
and stimuli, and terminating responses 
determined whether positive or nega- 
tive transfer occurred. Lacey’s re- 
sults also suggested that Pattern B 
might produce greater relative posi- 
tive transfer, though no greater abso- 
lute positive transfer, than Pattern A. 
Patterns C and D, however, did not 
seem to differ with respect to either 
relative or absolute amounts of nega- 
tive transfer. 


Similarity of Initiating Stimuli 


For Patterns A, B, C, and D, 
similarity of sets of initiating stimuli 
might influence amount and perhaps 
direction of transfer from verbal pre- 
training to subsequent conceptual 
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behaviors. For Patterns A and D, 
disregarding mediating responses and 
stimuli, similarity within and between 
subsets of initiating stimuli should be 
directly related to ease of learning 
associations between those stimuli and 
a common terminating response. Pat- 
terns B and C involve acquisition of 
discriminative terminating responses 
to initiating stimuli. Rate of acquisi- 
tion of those associations should be 
directly related to similarity of stimuli 
within subsets of initiating stimuli and 
inversely related to similarity between 
those subsets. When verbal mediat- 
ing responses and stimuli are con- 
sidered, similarity of initiating stimuli 
might modify the expected positive 
transfer with Patterns A and B and 
the expected negative transfer with 
Patterns C and D. 

Present data and theory do not 
warrant attempts to develop more 
exact predictions of the influence of 
similarity of initiating stimuli on di- 
rection and amount of transfer. 
However, since the second variable 
of Lacey’s (1959) experiment was two 
degrees of similarity of the members 
of the sets of face and house stimuli, 
some pertinent data are available. 

For Patterns A and D together, 
disregarding verbal mediating re- 
spenses and stimuli, similarity was 
directly related to mastery of asso- 
ciations between initiating stimuli 
and terminating responses; inverse 
relationships were obtained with Pat- 
terns B and C together. For Pattern 
A, while absolute amount of positive 
transfer was directly related to simi- 
larity, an inverse relationship was 
obtained for relative amount of trans- 
fer. For Pattern D, both absolute 
and relative amounts of positive trans- 
fer were inversely related to similarity. 
For Patterns B and C, both absolute 
and relative amounts of positive trans- 
fer were directly related to similarity. 
However, since most of the relation- 
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ships for each pattern separately were 
not statistically significant, at best 
they provide hypotheses for replica- 
tory investigations. 

In general, for concept formation 
tasks involving prior strengthening 
of presumed mediating responses, the 
findings presently available suggest 
that conceptual behaviors involving 
terminating responses are influenced 
by: strengths of associations between 
initiating stimuli and mediating re- 
sponses; patterns of relationships 
among initiating stimuli, mediating 
responses and stimuli, and terminat- 
ing responses; and similarity of initiat- 
ing stimuli. Furthermore, these find- 
ings are reasonably consistent with 
predictions based on two-stage para- 
digms in combination with principles 
of the role of these and other classes 
of variables in the strengthening, 
generalization, and weakening of stim- 
ulus-response associations. 


SUMMARY 


The purpose of this paper was to 
analyze the role of verbal mediating 
First 

de- 


responses in concept formation. 


summarized the historical 
velopment of stimulus-response anal- 
yses of conceptual behaviors which 
have emphasized the role of mediating 
responses and stimuli, particularly 
verbal mediating responses. The in- 
fluence of Max Meyer and Watson 
on the behavioristic analyses of the 
1920s was noted. Although Birge, 
Miller and Dollard, Cofer and Foley, 
and Gibson furthered such analyses in 
the early 1940s, only the more de- 
tailed recent analyses of Baum, Os- 
good, Mandler, Goss, Kendler, and 
others have led to hypotheses which 
have been tested experimentally. 
The first section provided a general 
specification of concept formation 
tasks and described the relationship 
between concept formation and con- 


was 
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ventional paired-associates tasks. 
The second section first described the 
structures and some explanatory con- 
sequences of one-stage and two-stage 
paradigms of conceptual behaviors 
with each of three types of sets of 
initiating stimuli. Some precautions 
in the use of these paradigms were 
then noted, and assimilation within 
the present analysis of the notions of 
abstract set or attitude, hypotheses, 
and strategies was proposed. The 
third section showed the comple- 
mentary relationship between the 
one-stage and two-stage paradigms 
and classes of variables and principles 
involving those variables which enter 
into explanations of the strengthening, 
generalization, and weakening of the 
component stimulus-response associa- 
tions. Two-stage paradigms in com- 
bination with some of these principles 
were then used to generate sample 
predictions of effects on concept forma- 
tion of: strengths of relationships be- 
tween initiating stimuli and mediating 
some patterns of rela- 
tionships among initiating stimuli, 
mediating responses and stimuli, and 
terminating responses; and relative 
similarity of initiating stimuli. 


responses ; 
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COSTS AND PAYOFFS ARE INSTRUCTIONS ' 


WARD EDWARDS 


Engineering Psychology Group, University of Michigan 


This paper states the problem of in- 
ternally contradictory or ambiguous 
instructions ; shows how the specifica- 
tion of costs, payoffs, and exchange 
rates solves it; and discusses necessary 
properties of adequate solutions. 

First I must distinguish three dif- 
ferent purposes for which costs and 
payoffs (in money or any other valu- 
able commodity, real or imaginary) 
might be used in psychological experi- 
ments on human subjects. Suppose 
that you pay the subject by the hour 
for his time, and that your experiment 
takes a fixed amount of time. Then 
your payment serves only as a moti- 
vator. Suppose that you ask the sub- 
ject to memorize a list of nonsense 


syllables and pay him a dime for every 


one he remembers correctly. In fact, 
the only way he knows that any re- 
membered syllable is correct is that 
you hand him a dime as soon as he 
says it. Then your payments, in ad- 
dition to whatever motivating function 
they may serve, also serve as informa- 
tion givers. Finally, suppose that in 
the nonsense syllable memorization ex- 
periment you tell the subject that he 
will be charged a dime for every syl- 
lable he “remembers” which was not 
in fact on the original list. Now your 
payments, in addition to serving moti- 
vational and informative purposes, 
also serve as instructions, since they 
tell the subject exactly the relative 
desirability or undesirability of correct 
syllables, incorrect syllables, and omis- 
sions. If you withheld all payments 


1This work was conducted by Project 
MICHIGAN under Department of the Army 
Contract DA-36-039 SC-78801, administered 
by the United States Army Signal Corps. 





and all other information about how 
the subject was doing until the experi- 
ment was over, your payments (or, 
more precisely, your statements about 
them before the experiment) would 
still serve instructional as well as mo- 
tivational purposes, though they would 
no longer serve as informative feed- 
back. 

This paper is concerned only with 
the instructional function of costs and 
payoffs. Many recent experiments 
have used costs and payoffs pri- 
marily for instructional purposes (e.g., 
Becker, 1958; Edwards, 1956; Good- 
now & Pettigrew, 1956; Irwin & 
Smith, 1957; Lawrence & LaBerge, 
1956; Lewis & Duncan, 1956, 1957, 
1958; Siegel & Goldstein, 1959; Tan- 
ner & Swets, 1954). 


AMBIGUOUS AND INTERNALLY COoN- 
TRADICTORY INSTRUCTIONS 

Many of the instructions most com- 
monly used in psychological experi- 
ments are at best ambiguous and at 
worst internally contradictory. For 
example, consider a speeded intelli- 
gence test. Its instructions say: “An- 
swer as many questions as you can. 
You have 10 minutes for this part of 
the test.” What is the subject sup- 
posed to do? Should he make certain 
that each answer is correct, thus mini- 
mizing errors but dealing with rela- 
tively few questions? Should he an- 
swer aS many questions as possible, 
guessing when he does not know the 
answer? Or should he adopt some 
compromise between these strategies ; 
and if so, what compromise? The in- 
structions do not say. In fact, the 
instructions tell him to perform an im- 
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possibility; they say that he should 
simultaneously maximize the number 
of questions answered and minimize 
the number of errors. These instruc- 
tions are internally inconsistent. A 
computing machine would reject as 
insoluble a problem presented with 
such instructions. Human _ beings, 
more tractable and less logical, perform 
such tasks every day. The only way 
they can do so is to provide some 
kind of self-instruction which super- 
sedes the impossible instructions. 

The problem is not confined to test- 
ing situations; it arises in any experi- 
ment which includes two or more in- 
consistent measures of quality of per- 
formance. Three measures which lend 
themselves particularly well to this 
kind of inconsistency are time, number 
of correct responses, and number of 
incorrect responses. These measures 
are rather often used in psychological 
experiments. As these measures sug- 
gest, the problem of inconsistent or 
ambiguous instructions is most likely 
to arise when perfect performance is 
specified as ideal (e.g., all questions 
should be answered correctly) but no 
information is provided which would 
enable the subject to evaluate the rela- 
tive undesirability of various kinds 
of deviations from perfection. 


MATHEMATICAL NATURE OF 
THE PROBLEM 


THE 


The problem I am raising is essen- 
tially a mathematical one. Many psy- 
chological experiments, and indeed 
just about all those which deal with the 
more “volitional,” less reflexly deter- 
mined kinds of human behavior, use 
instructions which contain the phrase 
“Do the best you can” or its equiva- 
lent. (This paper is not relevant to 
experiments in which the subject is 
not given such instruction.) 
This, in mathematical language, is an 
instruction to maximize or minimize 


some 
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some function whose nature is deter- 
mined by the experimental situation. 
So long as only one function is to be 
maximized or minimized, such instruc- 
tions present no problem. If, for ex- 
ample, a subject is shown a nonsense 
figure, and then later shown a group 
of four such figures and required to 
point to the one most like the original, 
an instruction to maximize correct 
answers creates no ambiguity. 

3ut as soon as another function 
which the subject is also supposed to 
maximize or minimize is introduced 
into the same situation, the problem 
of possible inconsistency arises. It is 
only rarely and by coincidence in 
mathematics that two functions will 
have the same maxima and/or minima. 
If they do not, then the subject cannot 
do “the best he can” with respect to 
both functions simultaneously. Sup- 
pose we modify the pattern recognition 
experiment of the previous paragraph 
by requiring a judgment of “same” or 
“different” for each of the four figures 
which may be like the original. To 
maximize the probability of a correct 
identification, the subject should say 
“same” in response to each of the four 
figures. To minimize the number of 
incorrect positive identifications, he 
should call them all “different.” Vari- 
ous different weightings of the rela- 
tive importances of true positives, false 
positives, true negatives, false nega- 
tives, and failures to respond will lead 
to a number of different optimal strate- 
gies. Unless the experimenter pro- 
vides some basis for such differential 
weights, no optimal behavior pattern 
can be specified. Typical instructions 
for such an experiment might direct 
the subject to minimize false positives, 
false negatives, and failures to respond 
while maximizing true positives and 
true negatives. Such instructions are, 
of course, impossible to carry out un- 
less the subject can produce a perfect 
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performance (a possibility which this 
paper will ignore). This example re- 
quires not two extreme values, but 
five, of which three are independent 
of one another. Please note, how- 
ever, that very simple situations may 
contain the same ambiguity. Consider 
a simple psychophysical experiment 
in which the subject is asked whether 
or not a tone was presented on a given 
trial. The implicit instruction is to 
maximize the number of statements 
that a tone was present when it in fact 
was and to minimize that number 
when in fact it was not; this instruc- 
tion is internally inconsistent. 

The problem is complicated further 
by a distinction, clear-cut in mathe- 
matics but not in the application of 
mathematics to experiments, between 
extreme values and boundary values. 
A boundary value is simply a value of 
a variable which that variable cannot 
exceed (in the case of an upper bound- 
ary) or be less than (in the case of a 
lower boundary). If, for instance, a 
task has a time limit, but no one cares 
how long it takes to perform the task 
so long as it is within the time limit, 
that time limit is a boundary value, 
not an extreme value. It is not mathe- 
matically self-contradictory to ask a 
subject to maximize or minimize a 
given function (e.g., number of correct 
answers) within given boundary values 
on other functions (e.g., a time limit 
and a limit on the length of time the 
subject may look at the stimulus). The 
point is that it must be impossible for 
the subject to go outside the boundary 
value. If, for example, the problem 
has a time limit and the subject ex- 
ceeds it, then to score that trial as a 
failure, or indeed to score it in any 
other way, converts the time limit 
from a boundary value into an extreme 
value on a dichotomized and 
thereby raises once again the problem 
of inconsistent extreme values on dif- 


scale, 


bo 
~I 
~ 


ferent dimensions. To avoid raising 
this problem, the experimenter must 
prevent the occurrence of trials on 
which the subject exceeds the time 
limit. 


PAyorF MATRICES AND EXCHANGE 
RATES 

Any instruction of the general form 
“Do the best you can” implies the 
existence of at least one method for 
evaluating the quality of what the sub- 
ject does, that is, a definition of the 
word “best.” I shall call this evalua- 
tion method a measure of value. The 
difficulty with which this paper is con- 
cerned is that many experiments offer 
a number of inconsistent measures of 
value. This phrasing of the problem 
implies the obvious solution: define a 
single measure of value for any given 
experiment, and then instruct the sub- 
ject to maximize it. (Of course other 
instructions concerning the nature of 
the apparatus and similar matters 
must also be given, and understood.) 
I shall call this single measure a final 
value measure, since it is usually con- 
structed by combining other more 
primitive value measures. 

The solution given above requires 
two successive steps. The first is the 
definition of a payoff matrix. A payoff 
matrix is simply a rectangular matrix 
with the various courses of action 
available to the subject on one dimen- 
sion (usually the vertical one) and 
the various possible states of the world 
which determine the outcome of each 
course of action on the other dimen- 
sion. For example, consider the pat- 
tern recognition experiment which has 
already been discussed in the version 
in which the subject must choose one 
and only one of the test patterns as 
most, similar to the original pattern. 
Table 1 gives a payoff matrix appro- 
priate for that experiment. Note that 
only two values, good and bad, appear 
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rABLE 1 
HYPOTHETICAL PAYOFF MATRIX FOR 
PATTERN RECOGNITION EXPERIMENT 


Possible states of the world 
Available courses correct pattern is: 
of action 


subjec t chooses 


1 2 3 4 
1 good | bad | bad | bad 
2 | bad | good | bad | bad 


bad good | bad 


3 bad 


} bad bad | bad 


good 


in the matrix. So long as all wrong 
answers are equally bad and all right 
answers equally good, the strategy 
which maximizes the subject’s ex- 
pected payoff is easy to state: he 
should choose the answer he con- 
siders the most probably correct. (If 
two or more answers have equal and 
highest probability he may choose 
among them any way he likes.) Thus 
by this particular choice of payoff 
matrix the subject's optimal strategy 
by a particular but appropriate defini- 
tion of optimality has been defined so 
that his responses will give the best 
information he is able to give about 
the degree to which he recognizes a 
pattern. If other information (e.g., 
information about the degree of simi- 
larity between the original pattern and 
the test patterns) is needed, other pay- 
off matrices would be appropriate. 
The preceding example illustrates 
the fact that a final value measure need 
not be stated in numerical terms. In 
situations (very rare in psychological 
experiments) in which each course of 
action available to the subject has pre- 
cisely one possible outcome, an ordinal 
measure of value is always sufficient. 
In situations in which the subject is 
uncertain about the outcome of at 
least one course of action, a final value 
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measure defined on at least an inter- 
val scale is usually necessary (for an 
explanation of this statement, see Ed- 
wards, 1954b). On an interval scale, 
two points may be assigned arbitrarily, 
after which all others are fixed. This 
means that there is a big difference 
between situations in which only two 
levels of the final value measure are 
necessary and situations which require 
more than two levels. If three or 
more levels on the final value measure 
are necessary, the spacing of these 
levels must be specified. It is often 
convenient to choose one interval as 
the unit and express the other inter- 
vals in terms of it. 

What about situations in which 
several different value dimensions con- 
tribute to the final value measure? A 
separate payott matrix may be pre- 
pared for each different value dimen- 
sion. It is possible that all these sepa- 
rate payoff matrices may have the 
same characteristics, so that any act 
which maximizes one value dimension 
will automatically maximize all others. 
But this is extremely unlikely. More 
often, as the examples at the beginning 
of this paper illustrated, actions which 
maximize one dimension will not maxi- 
mize others; I shall call any two such 
dimensions inconsistent. In order to 
obtain a single final value measure (to 
be entered in a single payoff matrix) 
from a set of inconsistent value di- 
mensions, what I shall call exchange 
rates must be established. An ex- 
change rate, as the term is used here, 
is simply a function defining the rela- 
tionship between two different meas- 
ures of value. For example, the cus- 
tom of scoring four-alternative multi- 
ple-choice examination questions (or 
four-alternative forced-choice psycho- 
physical responses with omissions per- 
mitted) by counting the number of 
right answers and substracting one- 
third the number of wrong answers 
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defines two exchange rates, one be- 
tween right and wrong answers and 
the other between right answers and 
failures to answer. 

It is not necessary to define exchange 
rates formally in order to specify final 
value measure entries in a payoff ma- 
trix. This statement, though true, is 
misleading. If you have a payoff ma- 
trix completely filled in with final value 
measures for a situation including two 
or more inconsistent value dimensions, 
it automatically gives as much infor- 
mation as is necessary about exchange 
rates for all values of interest in the 
particular situation, though not for 
any other values. You can start with 
the exchange rates or with the payoff 
matrix; it amounts to the same thing, 
except that the exchange rates gen- 
eralize more easily to new situations. 
There is one notable exception to the 
assertion that the experimenter must 
specify exchange rates if the experi- 
ment requires the subject to cope with 
inconsistent value dimensions. The 
exception is experiments which are 
specifically designed to discover the 
subject’s natural exchange rate be- 
tween inconsistent value dimensions. 
Rarely can an empirical exchange rate 
be determined incidentally, however, in 
the course of an experiment primarily 
designed to measure other things. 

No necessary relationship exists be- 
tween the number of value dimensions 
or the number of levels available on 
each and the number of levels of the 
final value measure. Obviously the 
maximum possible number of levels of 
the final value measure is the product 
of the numbers of levels of the various 
value dimensions. A final value meas- 
ure which has fewer levels than that in 
effect asserts that an exact equiva- 
lence exists between two or more dif- 
ferent combinations of levels of the 
various value dimensions; such an as- 
sertion is entirely appropriate if the 
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experimenter intends that such an 
equivalence should exist. 


A CRITERION FOR ADEQUATE 
INSTRUCTIONS 


So far this paper has asserted that 
instructions will be free from internal 
inconsistency and ambiguity if they 
include a payoff matrix defined in 
terms of a final value measure, which 
in turn must usually be defined by 
means of a set of exchange rates. How 
can the experimenter be sure that a set 
of instructions has this desirable prop- 
erty? <A very simple check exists. A 
sufficient criterion for consistent and 
unambiguous instructions is this: if, 
in addition to the instructions which 
the subject is actually given, he were 
told the probabilities of each possible 
outcome of each course of action avail- 
able to him, he would then have 
enough information to be able to select 
an optimal course of action. By “op- 
timal” I mean a course of action which 
maximizes the expected value of the 
final value measure ; except in unusual 
cases no other definition of optimality 
is appropriate when probabilities of out- 
comes are assumed known. In other 
words, if the subject has all the in- 
formation about costs and payoffs 
(though not about probabilities) that 
he would need to select a strategy 
which maximizes expected value, he 
has been unambiguously instructed. 
This means that the experimenter can 
always protect himself from ambiguity 
and inconsistency simply by asking 
himself: “Does the subject have an 
optimal strategy available to him and, 
if he knew the probabilities of the 
various possible outcomes, would he 
have enough information to figure out 
what it is?” If the answer is yes, all 
is well; if the answer is no, the in- 
structions should be examined suspi- 
ciously for ambiguity and _ internal 
contradictions. 
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Of course the preceding criterion 
carries no implication whatever that 
the subject will in fact adopt his opti- 
mal strategy. For one thing, he ordi- 
narily doesn’t have (at least to start 
with) the information about probabili- 
ties which he would need to identify it. 
For another thing, plenty of evidence 
exists that subjects do not in fact maxi- 
mize expected value even when they 
could do so easily (see Edwards, 
1954b). The criterion is exclusively 
concerned with the experimenter’s in- 
structions, not with the subject’s be- 
havior. 

How can the experimenter apply 
this criterion? He must first, of 
course, know himself what final value 
measure payoff matrix he wants the 
subject to work with. Then he must 
communicate the information to the 
subject in such a way that the subject 
understands it. This can be done by 
verbal or written instruction prior to 
the experiment, by experience during 
training trials or during the experi- 
ment, or by some combination of the 
two. Of course experience, either in 
training trials or during the experi- 
ment, serves the additional function of 
giving the subject information about 
the probabilities of each of the possible 
outcomes with which he may be con- 
fronted. Payoffs which occur during 
the experiment thus may serve two 
simultaneous functions: they may in- 
struct the subject about the relevant 
payoff matrix, and they may inform 
him about relevant probabilities. In 
animal experiments these two separate 
functions are customarily performed 
simultaneously by the same _ payoffs. 
One of the great advantages of hu- 
man over animal subjects is the possi- 
bility of performing these two func- 
tions separately. In _ principle, of 
course, it would be possible to instruct 
men in advance concerning the proba- 
bilities they will encounter and allow 
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them to induce the relevant payoff 
matrices from experience during the 
experiment; I know of no such ex- 
periments. 

I have said that the proposed cri- 
terion of adequate instruction is suffi- 
cient, rather than necessary; this im- 
plies that exceptions can be found in 
which the criterion is not satisfied but 
the instructions are nevertheless un- 
ambiguous. What are these excep- 
tions? They are the cases in which 
the optimal strategy for any one out- 
come is identical with that for all other 
possible outcomes, and so only ordinal 
information about payoffs is necessary 
to select the optimal strategy. In prac- 
tice, such a situation would arise in an 
experiment on the effect of an irrele- 
vant stimulus on some kind of perform- 
ance. Distraction experiments or ex- 
periments on the effect of genuinely 
redundant information fall in this cate- 
gory. But even in such experiments 
the presence of other uncertainties 
may make the proposed criterion nec- 
essary as well as sufficient ; that would 
be the case, for example, in an experi- 
ment on the effect of irrelevant infor- 
mation on concept identification if the 
subject had the options of several al- 
ternative responses or of not respond- 
ing. The presence or absence of the 
irrelevant information on a particular 
trial would make no difference to his 
optimal strategy and so would not 
require interval scale payoff informa- 
tion, but his uncertainty about the cor- 
rectness of his responses would make 
such information necessary for selec- 
tion of an optimal strategy—and so 
for unambiguous instruction. 


So WHat? 


I have asserted that many experi- 
ments and tests include ambiguous or 
self-contradictory instructions, that the 
problem arises because of inconsistent 
value dimensions, that the way to avoid 
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it is to provide a single final value 
measure, and that the nature of the 
inconsistent value dimensions and of 
the problem determine what kind of 
final value measure is needed. I be- 
lieve that the statements summarized 
above are logical, not empirical, and 
so not controversial—probably an in- 
stance of absurd optimism. But in 
any case I have not yet dealt with the 
crucial question, which is: so what? 
What is wrong with internally con- 
tradictory instructions? Why should 
the experimenter be able to specify 
an optimal strategy for the subject to 
use, especially when the experimenter 
knows that no one will use it? 

These questions get at the heart of 
the matter. Obviously there is no 
good reason why instructions should 
not contain internal contradictions, 
and no good reason why the experi- 
menter should be able to specify an 
optimal strategy, unless these proper- 
ties make a difference in the value of 
the experiment or the test. A change 
in an experimental procedure is de- 
sirable if it reduces experimental error, 
or makes the experiment easier to in- 
terpret or otherwise more meaningful. 
I propose the radical hypothesis that 
the removal of internal contradictions 
from instructions has both of these 
advantages. 

The reason why internal contradic- 
tions increase experimental error is 
obvious. If the instructions as given 
are impossible to carry out, the sub- 
ject must, in order to do anything at 
all, somehow supplement or change 
them from within himself. If all sub- 
jects supplement their instructions in 
the same way, then the only problem 
the experimenter faces is that of fig- 
uring out what the supplementary in- 
structions are—but this is an unlikely 
outcome, in view of the ubiquity of 
individual differences. More probably 
each subject will supplement his in- 
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structions differently from all others. 
Furthermore, he may change his self- 
instruction in the middle of the ex- 
periment. If each subject is operating 
under instructions different from those 
used by all other subjects, it is only 
natural to expect this fact to pro- 
duce larger individual differences than 
might otherwise be the case. These 
individual differences can be explained 
only if the experimenter discovers 
what each subject conceives the task 
to be, which is usually impossible. 
Otherwise, these individual differences 
will contribute to experimental error. 

The reason why internal contradic- 
tions in the instructions make experi- 
ments harder to interpret is less ob- 
vious, but no less clear-cut. This whole 
discussion has assumed that subjects 
are given evaluative instructions: “Do 
your best.” Almost all data based on 
evaluative instructions are analyzed 
against evaluative criteria: errors, 
time, correct answers, or other similar 
criteria. But such an analysis is far 
less likely to be psychologically mean- 
ingful if the subject had in mind evalu- 
ative criteria partially or wholly dif- 
ferent from those the experimenter 
uses. If you give a psychology exami- 
nation, instruct the examinees to an- 
swer aS many questions as possible, 
and then grade them on their gram- 
mar, it seems unlikely that you will 
get very useful information, either 
about their grammatical skills or their 
psychological knowledge. 

This paper began with the statement 
that money rewards may serve a pri- 
marily instructional function. By now, 
the argument is obvious. Money is 
probably the most universally used 
and understood evaluative dimension 
in our culture; almost all subjects will 
understand the statement: “Your pur- 
pose in this experiment is to go home 
with as much money as possible.” Fur- 
thermore, it is probably easier to re- 
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duce other value dimensions to money 
than to any other single dimension. 
This is particularly true of experi- 
ments on problem solving, conceptu- 
alizing, and decision making, in which 
the intent of the subject is always of 
crucial importance in understanding 
what he did. 

This does not imply that real money 
must change hands whenever money 
serves as the final value dimension. 
Experiments (e.g., Edwards, 1954a) 
have shown that subjects will respond 
in much the same way to imaginary 
money as to real money. An example 
which uses only imaginary money is 
a recent experiment by Lawrence and 
LaBerge (1956). They required their 
subjects to record three variables of 
a set of stimuli presented tachisto- 
scopically. One group was told to ima- 
gine that all three dimensions were 
equally important, and that they were 
being paid $34 for each correct report. 
Another group was told to imagine 
that they were being paid $100 for 
each correct report about one specified 
dimension, but only $1 for each correct 
report of either of the other two dimen- 
sions. A third group was told to im- 
agine that they were being paid $100 
for each correct report about one speci- 
fied dimension, but nothing for any 
other report. As might be expected, 
the results of the last two groups were 
highly similar to each other and highly 
dissimilar to the results of the first 
group. This is a fine example of how 
money as a final value measure can 
be used exclusively for instructional, 
rather than motivational purposes. 

An explicitly defined payoff matrix 
is enough to ensure clear instructions 
(the sole topic of this paper). But the 
experimenter could choose any one of 
a very large number of explicit payoff 
matrices. Which one he in fact chooses 
will have an enormous effect on the 
results he gets. How should he go 
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about deciding among the many pos- 
sibilities? Obviously it depends on 
what he wants to find out; no general 
rule is possible. In fact the judicious 
selection of appropriate payoff ma- 
trices is becoming a major part of the 
art of experimental design, and in- 
stances exist in which weeks have been 
devoted to the meticulous design and 
pretesting of a payoff matrix which 
will do exactly what it is supposed to. 
Even the methods of psychophysics 
are being changed as a result of recog- 
nition that the choice of a payoff ma- 
trix makes a big difference to psycho- 
physical results; Tanner and Swets 
(1954) have exhibited that changing 
the values entered in the payoff matrix 
for an auditory threshold experiment 
changes the “threshold” (a concept 
they prefer not to use) found in an 
orderly and systematic way predictable 
from a theory which asserts that the 
subject is attempting to maximize the 
expected value of his final value meas- 
ure. The success or failure of such 
maximization models is irrelevant to 
the criterion for clear instructions 
which is the subject of this paper, but 
rise in interest in such models both 
in psychophysics and in behavioral de- 
cision theory adds to the theoretical 
and experimental importance of sys- 
tematic manipulation of payoffs as in- 
dependent variables. 

Of course, money is not the only 
available final value measure. Errors, 
time, points, effort—almost anything 
which can be counted or measured can 
be a final value measure. Furthermore, 
there is no necessity that the final value 
measure be a (theoretically) infinitely 
divisible entity like money. That is 
why the preceding discussion placed so 
much emphasis on the number of levels 
of the final value measure needed; in 
cases in which only a few (ideally, 
two) levels are needed it is usually 
easy to tell the subject what he should 
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do without resorting to some external 
variety of instruction. But money, 
though not the only available final 
value measure, is certainly the best. 
It is unambiguous, it is tangible, it is 
infinitely divisible; and so will fit al- 
most any problem; and it has useful 
motivating properties in addition to 
being a vehicle for instructions. 
CONCLUSION 

This paper makes a recommendation 
about experimental design. Unless 
self-instruction or response to intern- 
ally contradictory instructions is the 
problem to be studied, experiments 
should be designed so that each subject 
has enough information to resolve am- 
biguities about how to evaluate the 
consequences of his own behavior 
which are inherent in conflicting value 
dimensions. That means that the sub- 
ject should have the information about 
costs and payoffs (though not about 
probabilities) necessary to evaluate 
each course of action relative to all 
others available to him; in other words, 
if the subject were to be told the prob- 
abilities of each possible outcome of 
each course of action available to him, 
he should have enough information so 
that he could then identify unambigu- 
ously an optimal strategy (optimal in 
the sense of maximizing expected 
value of the final value measure). 
When an experiment necessarily in- 
volves conflicting value dimensions, 
the conflict can be resolved by speci- 
fying exchange rates among the value 
dimensions which reduce them to a 
single final value measure. Although 
money is not the only such measure 
available, it is very often the best. 


SUMMARY 


This paper considers the problem of 
internally contradictory or ambiguous 
instructions to subjects in psychologi- 
cal experiments. Such instructions 
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often result when subjects must maxi- 
mize or minimize several dependent 
variables simultaneously. Time, cor- 
rect answers, and errors are variables 
which often are included in internally 
contradictory instructions. Such con- 
tradictions can be resolved by speci- 
fying enough information so that sub- 
jects have an optimal strategy open 
to them and, if they knew the proba- 
bilities of the various outcomes of each 
possible course of action, could know 
what that optimal strategy is. Such 
specification will usually require that 
subjects be informed about the ex- 
change rate among the various value 
dimensions present in the experiment. 

An exchange rate reduces many value 

dimensions to one. The most com- 

monly useful value dimension in psy- 
chological experiments is money. 
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In his paper with the above title, Ben- 
net B. Murdock, Jr. (1960) makes some 
quantitative predictions of the shape of 
the bowed serial position curve: 


Ideally the applicability of the D scale to 
the serial position curve would be determined 
by comparing its predictive power to that of 
other theories. Unfortunately, however, no 
other theories have been worked out in suf- 
ficient detail to permit quantitative predic- 
tions to be made (p. 26). 


As Murdock himself points out, such 
predictions have been made with Hullian 
theory (Hull, Hovland, Ross, Hall, Per- 
kins, & Fitch, 1940)—although not a 
priori. They have also been made by 
Atkinson (1957) with what might be 
described as a stochastic version of Hul- 
lian theory. In both cases, good fits are 
achieved, but the convincingness of the 
results is diminished by the fact that sev- 
eral parameters are available for adjust- 
ment of the fit. 

The authors of this note have, however, 
proposed an alternative theory which, 
like Murdock’s contains no adjustment 
parameters, and hence can be subjected 
to rather severe test in flitting it to the 
observed data. Unfortunately, the theory 
has only been described thus far in an 
unpublished thesis (Feigenbaum, 1959) 
and an equally unpublished dittoed mem- 
orandum (Feigenbaum & Simon, 1958) 
partly because a paper on it was rejected 
a year ago by the Editor of the Psycho- 
logical Review. (We are mentioning, 
not contesting, the action.) 

Our purpose in this note is to give 
some quantitative predictions from our 
theory that may be compared with Mur- 
dock’s predictions and with data, so that 
the relative predictive powers of the 
theories may be tested. We shall refrain 


from comment on the structure of any 
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of the theories except insofar as this is 
relevant to the prediction problem. 

Our theory, like Hull’s and Atkinson’s, 
predicts the shape of the serial position 
curve in terms of percentage of total 
errors at each serial position instead of 
percentage of total correct responses at 
position—the measure Murdock 
uses. As Murdock observes, the shape 
of the curve in terms of correct responses 
will vary with degree of learning. This 
is known to be empirically true (see, for 
example, Hull et al., 1940, p. 183). It 
is also known empirically, and can be 
predicted from our theory, that the shape 
of the curves will vary, but only slightly, 
with such parameters as difficulity of list 
and presentation rate. In order to use 
any of these theories to predict the cor- 
rect-response curve, we must specify the 
criterion to which the list is learned, and 
the average number of trials to criterion. 
The predictions that follow apply to lists 
that. are learned to the criterion of one 
correct anticipation and that are of such 
difficulty that the number of trials to 
criterion equals the number of syllables. 
Quantitatively, the latter condition is not 
very important, but the former is. 

Briefly, our theory is that the bowing 
of the curve a consequence of the 
strategy the subject adopts (consciously 
or not) in the learning task. In the 
absence of contrary instructions from the 
experimenter or striking inhomogeneities 
in the list, a subject will first learn the 
initial list items, then will work from 
the two ends of the list as “anchor 


each 


1S 


1 Murdock’s theory only predicts for one 
degree of learning and does not specify what 
degree this is. Our theory, like Hull’s and 
Atkinson’s, makes specific predictions for 
any criterion and predicts that the bowing of 
the curve will decrease with degree of 
learning. 
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TABLE 1 
PREDICTED SERIAL Position CuRVES FOR Lists oF 8-15 ITEMS 
(“Anchor Point’’ Theory) 
Length of List 
Seria 
———. a 
8 9 10 11 12 13 | 4 | 15 
1 22.2 20.0 18.2 16.5 15.0 14.1 | 13.3 12.6 
2 19.4 | 17.7 16.4 15.0 | 13.8 13.0 12.4 11.0 
3 8°) 989 114 | 109 | 105 10.0 9.6 9.3 
1 97 | 93 | 98°] 93 | 9.2 8.9 8.7 8.6 
5 6.9 7.4 6.8 | 6.5 | 6.2 6.2 6.3 6.2 
6 rt 6.9 5.5 5.0 SS i 5.0 5.2 5.3 5.2 
vit Ae 7.4 5.0 18 | 4.7 4.3 4.1 4.0 
8 12.5 9.3 6.8 5.0 4.7 3.8 3.1 | 3.5 
9 11.7 9.5 6.5 5.0 4.3 3.1 2.9 
10 11.4 9.3 6.2 5.2 66-19"! OF 
11 10.9 9.2 6.2 5.3 4.0 
12 | 10.5 8.9 6.3 | 5.2 
13 10.0 8.7 | 6.2 
14 96 | 86 
15 | | 93 
Note Entries are percentages of total correct responses for list of each length. 
points,” selecting the next items to be of errors, W,’, the subject will make on 
learned at random from either anchor the rth syllable, which is equal to the 
point. The manner in which we obtain number of learning trials prior to the 


the numerical predictions in Table 1 is 
spelled out below. A much more detailed 
account of the process is available in two 
previous reports (Feigenbaum, 1959; 
Feigenbaum & Simon, 1958). 

The numerical predictions in Table 1 
were obtained as follows: We assume the 
syllables will be learned in an orderly 
sequence, each syllable requiring a certain 
processing time, k. Each syllable 
(s) can be identified by its serial order, 
i, in the list as presented by the experi- 
menter, and also by the order, r, in which 
Since learn- 


say 


it is learned by the subject. 
ing takes place from both ends of the 
list, these two orders will not, in general, 
be identical. Thus, s;, the ith syllable in 
order of presentation, may be the same 
syllable as s,’, the rth syllable in order 
of learning. (Technically, the list of syl- 
lables in order of learning is a permuta- 
tion of the original list.) 

Let T,’ be the time that elapses before 
the first successful response to syllable 
s,’—that until the rth syllable 
learned. I’ = kr, and the number 


1S 


is, 
Then 





trial on which that syllable is learned, 
will be proportional to r: 


W,’ = mr [1] 
where m is a proportionality constant, 
equal to k divided by the time per trial. 
The numerical value of m is a function, 
of course, of the difficulty of the item, 
and the rate of presentation. 

If the list is of length L, we will then 
have W’,’ = mL; and if the list is learned 
to a criterion of one correct response, we 
will have for N, the number of trials to 
criterion: 


N=Wi'+1=mL+1 [2] 


Then the number of correct responses, 

C,’, the subject will make on the rth 

syllable, is: 

C,, = N— W,’ = mL +1— mr 
=1+m(L-—r) [3] 


Finally, c,’, the percentage of total cor- 
rect responses made on the rth syllable, 
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will be: 
oc; CG,’ /2C' 
1+ m(L — r) 
 L+ mt — ¥ r) 


1 


1+ m(L— r) 
L+m (1: - 


) 


_L(L+ ») 


~ 1/m sak Ta 4] 
L/m + 3(L? — L) 


It will be seen from Equation 4 that 
c,’ depends only weakly on m. In our 
calculations, we have assumed m= 1, 

To apply this result we must calculate 
the rank, r;, of the ith syllable in order 
of presentation, as determined by our 
theory. 

We assume that the immediate memory 
capacity is two syllables (the results do 
not depend in any sensitive way on this 
assumption). Then the first two syllables 
in the list will be learned first (will have 
rank, r=1 and r= 2, respectively), fol- 
lowed either by the last two syllables on 
the list, or by Syllables 3 and 4, each 
with probability % Then, subsequent 
pairs will be chosen from the beginning 
and end of the list of those not yet 
learned, always with probability %. The 
result is that in a list of 12 syllables the 
third syllable, for example, will have a 
probability of 4% of being the third syl- 
lable in order of learning, a probability 
of % of being the fifth syllable, a prob- 
ability of % of being seventh, and of %e 
of being ninth or eleventh. Averaging 
these ranks, weighted by their respective 
probabilities, we find that the average 
rank of the third syllable is rg = 4.875. 

If we now substitute rz, = 4.875, m = 1, 
and L=12 in Equation 4, we obtain 
cs’ = .105, the value in Table 1 for list 
length 12. The other values in the table 
are obtained in the same way. To see 
how insensitive the result is to the value 
of m, we observe that for m = 2, the same 
calculation gives c;’ = .106. 

In Table 1, we use our theory to 
make predictions that may be compared 
with those of Table 5 in Murdock’s paper. 


TABLE 2 


PREDICTED AND OBTAINED RESULTS 
FROM BUGELSKI (1950) 


Serial 
Position 


Actual 
(Bugelski) 


Predicted 


Predicted | 
(F & S) 


(Murdock) 


22.9 22.2 
14.0 19.4 
10.4 12.5 
9.2 9.7 
9.2 6.9 
10.0 | 6.9 
11.4 9.7 
12.9 12.5 | 


23.8 





—Entries in table are percentages. 


It should be possible, with empirical data, 
to choose between the two theories, be- 
cause the predictions differ systematically 
in several respects. In general, our 
theory predicts more bowing for long 
lists than does Murdock’s. We invite 
experimenters, as does Murdock, to gen- 
erate some data that can be used to test 
these predictions. 

In Table 2, we compare our predictions 
for a list of eight syllables with the pre- 
dictions of Murdock’s theory and with 
the empirical data he provides in his 
Table 6. In the case of five of the eight 
serial positions, our prediction is better 
than his; in the case of three positions, 
his is better. The mean absolute error 
of his predictions is 1.8 percentage points, 
while the mean absolute error of our 
predictions is only .8 percentage points. 
His maximum error is 4.1 percentage 
points; ours is 1.6 percentage points. 
Thus our maximum error is less than his 
average error, and about equal to his 
median error. In this single test, we 
conclude that our theory predicts the data 
better than the theory based on distinc- 
tiveness. 
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A BIOCHEMICAL APPROACH TO LEARNING AND MEMORY 


JOHN GAITO! 


Lake Forest College 


The problem of learning and memory 
has been one of the most important areas 
of investigation for the psychologist for 
many years. Recently there have been a 
number of attempts to specify the neuro- 
logical structure which is modified during 
learning and which provides the basis 
for memory. It that the site 
which has been emphasized most fre- 
Hebb 
(1949) maintained that reverberatory 
circuits may provide the basis for short 
term memory whereas long term memory 
requires neural growth at synaptic junc- 
tions; his cell assemblies and phase se- 
quences furnish the basis for all simple 
and complex functions. Somewhat simi- 
lar ideas (stripped of cell assemblies and 
phase sequences) were expressed by a 
number of individuals at the Hixon Sym- 
posium (Jeffress, 1951) and at the 
Laurentian Symposium (Delayfresnaye, 
1954). Gerard (1953) mentioned a num- 
ber of events which he believed might 
provide the synaptic changes which facili- 
tate learning and maintain memory, viz., 
swelling of synaptic nerve fiber end-bulbs 
while conducting impulses, alterations of 
potential, actual neural growth at synapse, 
and changes in nerve proteins. Eccles 
(1958) presented a somewhat similar 
view. Krech and his collaborators at the 
University of California have conducted 


appears 


quently by theorists is the synapse. 


a series of experiments combining the 


1 Now at Kansas State University. 


biochemical and psychological approaches 
and have emphasized that experience and 
training may significantly alter the con- 
centration of brain cholinesterase (Ben- 
nett, Krech, Rosenzweig, Karlsson, Dye, 
& Ohlander, 1958; Bennett, Rosenzweig, 
Krech, Karlsson, Dye, & Ohlander, 1958; 
Krech, Rosenzweig, & Bennett, 1956, 
1959; Krech, Rosenzweig, Bennett, & 
Longueil, 1959; Rosenzweig, Krech, & 
Bennett, 1956). These individuals have 
hypothesized that transmission of neural 
impulses is accomplished by the discharge 
of actylcholine from presynaptic neurons. 
Inactivation of acetylcholine by cholin- 
esterase (as soon as the former stimulates 
the postsynaptic neuron) preserves dis- 
crete transmission of impulses. Their 
experimental work lends credence to 
this hypothesis. Overton (1958, 1959a, 
1959b) stated that calcium displacement 
at the synapse, during acetycholine- 
cholinesterase activity, forms the basis 
for memory. Likewise, he reported re- 
search which favors his hypothesis. 
That some synaptic change is important 
for learning and memory is generally 
accepted. However, it is possible that 
these synaptic changes facilitate or set 
off reactions which allow changes to oc- 
cur elsewhere in the nerve cell. Recently 
Halstead (1951) favored the hypothesis 
that nucleoproteins are the substances 
which have the ability to act as templates 
on which replica molecules are formed, 
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~A---H---T- 


-Ge=-H---C- 


;, ore 


Fic. 1. The DNA molecule as it would 
appear if unwound from its helical formation. 
(P is phosphate; D, desoxyribose, a sugar; 
A, adenine; T, thymine; C, cytosine; G, 
guanine; and H, hydrogen.) 


both genetically and as a result of indi- 
vidual experience. He believed that tem- 
plates exist in the brain nerve cells which 
are like those of the germ cells in repre- 
senting native endowment but differ from 
the latter in having templates arising 
from external stimulation. He stated 
that the ordering of the protein templates 
could take place in various components 
of the cell and its processes. The present 
arguments are in general similar to those 
of Halstead but emphasize recent bio- 
chemical developments. We suggest that 
learning and memory depend on changes 
in genic material (or the by-products of 
genic activity) either in the nucleus or 
cytoplasm of the nerve cell soma. 

It is obvious to psychologists that both 
heredity and environment contribute to 
behavior. Thus we can say, in very gen- 
eral fashion, that behavior is a function 
of genetic potential (heredity) as it is 
modified by intra- and extraorganismic 
environmental stimulation. Inasmuch as 
we are concerned only with learning (and 
resulting memory), let us substitute the 
word “learning” for the second part of 
the above statement. We now have: be- 
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havior is a function of genetic potential 
as it is modified by learning. Also we 
shall take this statement literally. 

First, let us indicate the physical basis 
for genetic potential. Biochemists (e.g., 
Butler, 1959; Crick, 1954, 1957; Leder- 
berg, 1960) have identified desoxyribo- 
nucleic acid (DNA), a giant molecule 
found in the chromosomes, as the primary 
hereditary material DNA is a large 
double strand molecule which is wound 
in a helix. Each strand is a mirror 
image of the other and has recurring 
patterns of constituents throughout its 
length, called nucleotides. A nucleotide 
consists of a phosphate attached to a 
sugar-base linkage. Figure 1 shows a 
portion of the DNA molecule as it would 
appear if it were unwound. The sugar- 
base portion (a nucleoside) is consid- 
ered to be the most important part of the 
molecule. The nucleoside of one strand 
is attached to its corresponding part of 
the other strand by a hydrogen atom. 
The bases consist of two types: purines 
and pyrimidines. Furthermore, there are 
two purines (adenine and guanine) and 
two pyrimidines (thymine and cytosine). 
The purines are larger molecules than are 
the pyrimidines. At the 
points of the strands, a purine of one 
strand is always attached (by the hydro- 
gen atom) to a pyrimidine. Two 
purines are too big to bridge the gap 
between the two strands and two pyri- 
midines are too small. Furthermore, the 
amounts of adenine and thymine are al- 
ways equal and the amounts of guanine 
and cytosine are equal also, because 
adenine is always paired with thymine 
and guanine with cytosine. Thus there 
are two basic types. However, if we 
consider the order of the bases in the 
attachment of one nucleoside to another, 
this number doubles. (For example, 
adenine linked to thymine is different 
than thymine linked to adenine.) Thus 
there are four basic types of nucleotides. 

Biochemists believe that the sequence 
of the bases furnish the for the 
“codes” of genetic potential (Butler, 
1959; Crick, 1954, 1957; Lederberg, 
1960). Even though there are only four 
possible nucleotides, the strands of the 


sugar-base 


basis 








THYMINE 





UANINE CYTOSINE 





mi 


Fic. 2. The bases present in DNA. 
(RNA is similar except that uracil replaces 


thymine. The point of bonding is indicated 
by dashed lines. C is carbon; N, nitrogen; 
H, hydrogen; and O, oxygen.) 


molecule are extremely long and allow 
for infinite possibilities, if the sequence 
of the purines and pyrimidines is con- 
Thus, these sugar-base attach- 
ments may be the “language” of the 
genes. Crick (1954) has likened the 
bases to the dots and dashes of the Morse 
Code. Thus he states that there is 
enough DNA in a single cell of the hu- 
man body to encode about 1,000 large 
textbooks. 

Now let us see how learning might 
modify these codes of the DNA molecule. 
DNA is a relatively stable molecule. 
However, changes of one or several nu- 
cleosides should be easier to effect. Thus 
electrochemical changes at the synapse 
might spread to the soma and lead to the 
dislocation or changing of nucleosides at 
one or more loci. A change at one locus 
would modify the code. 

Figure 2 indicates the structure of the 
purines and pyrimidines. Note that the 
basic structure of the purines is the same, 


sidered. 
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also that of the pyrimidines. 
Adenine differs from guanine and thy- 
mine from cytosine only in the side bonds. 
It appears that the easiest and most logi- 
cal change would be of adenine to guanine 
or the reverse. An NHg side bond must 
change position from top to bottom and 
i hydrogen atom must be replaced by 
in oxygen atom for adenine to be- 
come guanine. For guanine to change to 
adenine, the reverse events are required. 

However, if a change were to occur in 
one purine, the attached pyrimidine would 
have to change likewise. Thus for thy- 
mine to become cytosine a CHsg side chain 
must be replaced by a hydrogen atom 
and an oxygen atom replaced by an 
NH, molecule. Such events appear feas- 
ible but have not been indicated biochemi- 
cally as yet. 

Another possibility is that changes 
which represent learning and memory 
involve ribonucleic acid (RNA). The 
structure of the RNA molecule is not 
known completely; however, it is some- 
what similar to DNA but contains uracil 
rather than thymine and ribose sugar 
rather than desoxyribose sugar. RNA is 
found’ in the nucleus and cytoplasm of 
cells. It is believed that RNA carries 
“instructions” from the genes (through 
operation of the DNA molecule) which 
allows it to direct the assembly of proteins 
(Hoagland, 1959). The suggested modi- 
fications of the RNA molecules through 
learning would be similar to those hypo- 
thesized above for the DNA and would 
involve the bases with one purine chang- 
ing to the other and uracil becoming 
cytosine, or vice versa. 

Another possible cytoplasmic or nucleic 
molecule upon which learning might im- 
pose its effects is that of the proteins. 
Like DNA and RNA, the proteins are 
large molecules and consist of long chains 
with small molecules, the amino acids, of 
which there are 20 different kinds. A 
protein molecule may contain as many 
as 100 amino acid units. The learning 
effect would involve some modification 
of one or more amino acids. That an 
amino acid change can greatly modify 
behavior has been indicated recently. 
(1958) has reported that the 


as is 


Ingram 
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change of a single amino acid in hemo- 
globin is responsible for the appearance 
of sickle cell anemia. He found that the 
normal hemoglobin cell and the sickle 
form hemoglobin are the same except that 
in the latter, one peptide was displaced 
slightly from the position it occupies in 
the normal cell. The normal peptide had 
two glutamic acid units and one valine 
unit; the abnormal cell had one glutamic 
acid unit and two valines. This defect 
is due to heredity or to mutations. How- 
ever, changes in amino acids might occur 
through stimulation. 

Thus we believe that changes in the 
DNA, RNA, or protein molecules may 
be the basis for learning. and memory. 
These three are intimately involved in 
cellular activity in the nucleus and cyto- 
plasm with the DNA commanding the 
process. It is believed that chromosomes 
consist of these three, with the DNA 
being the backbone of the chromosome 
and housing the genes. If changes occur 
in the DNA molecules, these changes 
would automatically affect RNA and 
protein synthesis. Likewise, changes in 


RNA would be transmitted to some pro- 


tein molecules. However, changes might 
occur to protein molecules, which would 
have no effect on DNA or RNA. Only 
the changes of the DNA molecule would 
be of a _ genic modification nature. 
Changes of DNA, RNA, or protein mole- 
cules might occur in the nucleus or in the 
cytoplasm. Gay (1960) has described 
the passage of minute “blebs,” or blisters, 
containing chromosomal material, from 
the nucleus to the cytoplasm in the sal- 
ivary glands of the larval fruit fly. These 
events are considered of importance in 
protein synthesis. It is possible that such 
transfer could occur also in nerve cells. 
Thus “recodification” of the DNA, RNA, 
or protein molecules might occur in the 
cytoplasm following such transfer. How- 
ever, it should be possible for electro- 
chemical events to permeate the nuclear 
membrane and bring about the changes 
in the nucleus. 

Superficially there appears to be con- 
flict between the synaptic hypothesis and 
the ideas presented here. However, this 
need not be the case. The synaptic hypo- 
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thesis allows for changes to occur else- 
where in nerve cells but concentrates on 
the synaptic changes in effecting learning 
and memory. On the other hand the 
present viewpoint agrees that changes 
occur at the synapse but stresses the 
modification in the genic, or by-products 
of the genic, material; the synaptic 
changes are preliminary in nature. Fur- 
thermore, it is probable that both mechan- 
isms are involved in learning and mem- 
ory. In recent years there has been a 
tendency to consider memory as of two 
types, transient and permanent (e.g., 
Hebb, 1949; Jeffress, 1951), with the 
former maintained by reverberatory cir- 
cuits but the latter, by permanent neural 
changes. It is possible that the two types 
of memory may depend upon different 
neurological sites. For example, a rever- 
beratory circuit would depend upon syn- 
aptic transmission for reverberation to 
occur. Thus effecting short term mem- 
ory may involve mainly the synapse. 
However, the neural change which makes 
for relatively permanent memory may 
involve changes elsewhere in the cell, 
e.g., in the DNA, RNA, or amino acids 
in the nucleus or in the cytoplasm. But 
permanent changes could, and apparently 
do, occur at the synapse. However, we 
believe that the synaptic changes serve 
the function of making the genic ma- 
terials more accessible to stimulation. 

The major advantage that this nucleic 
or cytoplasmic recodification hypothesis 
has over the synaptic hypothesis is that 
the former allows learning to directly 
modify genetic potential (or the by-prod- 
ucts of genic activity) whereas the latter 
is faced with the problem of relating 
learning and memory changes to the 
genetic potential Thus the synaptic 
hypothesis must explain the means by 
which learning and genetic potential af- 
fect one another, for it is obvious that 
genetic potential affects learning and that 
learning modifies genetic potential. Fur- 
thermore, the recodification hypothesis 
attempts to indicate the molecular basis 
for memory ; however, the exact chemical 
mechanism involved in the learning proc- 
ess is still a major problem. 

One might criticize portions of the 
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above hypothesis on the ground that it 
is arguing for the inheritance of acquired 
characteristics. However, this is not so. 
The suggested changes in genic material 
would occur only in nervous tissue which 
is not passed on to the next generation. 
The genes in the nuclear chromosomes 
of the gonads (which provide the physi- 
cal material for heredity) would be un- 
affected. 

The validity of these hypotheses have 
not been demonstrated as yet. To eval- 
uate such ideas (or similar ones) re- 
quires the use of the precise molecular 
techniques of the biochemist, cytologist, 
and geneticist coupled with the less mole- 
cular procedures of the neurophysiologist 
and the molar learning methods of the 
psychologist in collaborative research 
programs. However, the hypothesis can 
serve as an interesting framework for 
descriptive formulations and appears 
more logical than does the synaptic hypo- 
thesis. 


REFERENCES 


Bennett, E. L., Krecu, D., Rosenzweie, 
M. R., Karisson, H., Dye, N., & On- 
LANDER, A. Cholinesterase and _ lactic 
dehydrogenase activity in the rat brain. 
J. Neurochem., 1958, 3, 153-160. 

Bennett, E. L., Rosenzweic, M. R., Krecu, 
D. R., Kartsson, H., Dye, N., & On- 
LANDER, A. Individual, strain and age 
differences in cholinesterase activity of the 
rat brain. J. Neurochem., 1958, 3, 144- 
152. 

Butcer, J. A. V. Inside the living cell. 
New York: Basic Books, 1959. 

Crick, F. H. C. The structure of the he- 


reditary material. Scient. Amer., 1954, 
191, 54-61. 
Crick, F. H. C. Nucleic acids. Scient. 


Amer., 1957, 197, 188-200. 
DELAYFRESNAYE, J. F. (Ed.) Brain mech- 
anisms and consciousness. Oxford: Black- 
well, 1954. 
Eccres, J. C. The physiology of imagina- 
tion. Scient. Amer., 1958, 199, 135-146. 


THEORETICAL NOTES 


Gay, H. Nuclear control of the cell. Scient 
Amer., 1960, 202, 126-136. 
Gerarp, R. W. What is memory? Scient. 


Amer., 1953, 189, 118-126. 

Harsteap, W. C. Brain and intelligence. 
In L. A. Jeffress (Ed.), Cerebral mech- 
anisms in behavior. New York: Wiley, 
1951. 

Hess, D. O. The organization of behavior. 
New York: Wiley, 1949. 

Hoactann, M. B. Nucleic acids and pro- 
teins. Scient. Amer., 1959, 201, 55-61. 
IncraM, V. M. How do genes act? Scient. 

Amer., 1958, 198, 68-74. 


Jerrress, L. A. (Ed.) Cerebral mechan- 
isms in behavior. New York: Wiley, 
1951. 


Krecu, D., Rosenzweic, M. R., & BENNETT, 


E. L. Dimensions of discrimination and 
level of cholinesterase activity in the 
cerebral cortex of the rat. J. comp. 


physiol. Psychol., 1956, 49, 261-268. 

Krecu, D., Rosenzweic, M. R., & BENNETT, 
E. L. Correlation between brain cholin- 
esterase and brain weight within two 
strains of rats. Amer. J. Physiol., 1959, 
196, 31-32. 

Krecu, D., Rosenzweic, M. R., BENNETT, 
E. L., & Loncuem, C. L. Changes in 
brain chemistry of the rat following ex- 
perience. Paper presented at American 
Psychological Association, Cincinnati, Sep- 
tember 1959. 

LEDERBERG, J. A view of genetics. 
1960, 131, 269-276. 

Overton, R. K. An effect of high- and 
low-calcium diets on the maze perform- 
ance of rats. J. comp. physiol. Psychol., 
1958, 51, 697-699. ? 

Overton, R. K. The calcium displacement 
hypothesis: A review. Psychol. Rep., 
1959, 5, 721-724. (a) 

Overton, R. K. Thought and action: A 
physiological approach. New York: Ran- 
dom House, 1959. (b) 

RosEnzweEIG, M. R., Krecu, D., & BENNETT, 
E. L. Effects of pentobarbital sodium on 
adaptive behavior patterns in the rat. 


Science, 1956, 123, 371-372. 
(Received March 10, 1960) 


Science, 

















PSYCHOLOGICAL 
MONOGRAPHS 


Connotative Meaning as a Determinant of Stimulus 
Generalization, by CHARLES F. DICKEN 


An experimental study of a set of three hypotheses 
derived from Osgood’s approach to the nature 


and measurement of meaning 


No. 505. Price $1.50 


AMERICAN PSYCHOLOGICAL ASSOCIATION 
1333 Sixteenth Street, N. W. 
Washington 6, D. C. 




















THE BRITISH JOURNAL 
OF PSYCHOLOGY 


Edited by Boris SEMEONOFF 


Vol. 52 Part 2 May, 1961 20s. net 


D. E. BROADBENT. Psychophysical methods and individual 
differences in the kinaesthetic figural after-effect. 


B. M. SPRINGBETT. Some stereoscopic phenomena and their 
implications. 


E. E. RUMP. The relationship between perceived size and per- 
ceived distance. 


A. D. B. CLARKE & C. B. BLAKEMORE. Age and perceptual- 
‘motor transfer in imbeciles. 


P.C. WASON. Response to affirmative and negative binary state- 
ments. 


K. LOVELL. A follow-up-study of Inhelder and Piaget’s The 
Growth of Logical Thinking. 


ROBERT GOTTSDANKER. How the identification of target ac- 
celeration is affected by modes of starting and ending. 


IAN M. L. HUNTER. Further studies on anagram solving. 


R. A. CHAMPION. Some comments on Eysenck’s treatment of 
modern learning theory. 


A. W. HEIM & K. P. WATTS. A preliminary study of the self- 
judging vocabulary scale. 

PUBLICATIONS RECENTLY RECEIVED. 

OTHER PUBLICATIONS RECEIVED. 


The subseription price per volume, payable in advance, 
is 60s. net (post free). 





Subscriptions may be sent to any bookseller or to the 


CAMBRIDGE UNIVERSITY PRESS 
Bentley House, Euston Road, London, N. W. 1 











4 
x 

0 7 
4 
. 

¢ 

; s 
we 
e 
‘ 
: 
e 
, 
° 
77 . 





